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growth  of  Vegetables.  In  the  fecond  Poem, 
or  Loves  of  the  Plants,  the  Sexual  Syftem 
of  Linnaeus  is  explained,  with  the  remark- 
able properties  of  many  particular  plants^ 


( V ) 


TO 

THE  AUTHOR 

OF  THE 

POEM  ON  THE  LOVES  OF  THE  PLANTS. 


BY  THE  REV.  W,  B.  STEPHENS. 


Oft  tho*  thy  genius,  Darwin  ! amply  fraught 
“With  native  wealth,  explore  new  worlds  of  mind; 
Whence  the  bright  ores  of  drofslefs  wifdom  brought, 
Stampt  by  the  Mufe’s  hand,  enrich  mankind ; 

Tho’  willing  Nature  to  thy  curious  eye. 
Involved  in  night,  her  mazy  depths  betray; 

Till  at  their  fource  thy  piercing  fearch  defcry 
The  ftreams,  that  bathe  with  Life  our  mortal  clay ; 
VoL.  I.  A 


( vl  ) 

Tho’,  boldly  foarlng  in  fublimer  mood 
Through  tracklefs  fkies  on  metaphyhc  wings. 
Thou  dareft  to  fcan  the  approachlefs  Caufe  of  Good, 
And  weigh  with  ftedfaft  hand  the  Sum  of  Things ; 

Yet  wilt  thou,  charmed  amid  his  whifpering 
bowers, 

Oft  with  lone  ftep  by  glittering  Derwent  ftray, 
Mark  his  green  foliage,  count  his  mufky  flowers. 
That  blufli  or  tremble  to  the  rifing  ray ; 

While  Fancy,  feated  in  her  rock-roor d dell, 
Llftening  the  fecrets  of  the  vernal  grove. 

Breathes  fweetefl:  fl;rains  to  thy  fymphonlous  fliell, 
And  gives  new  echoes  to  the  throne  of  Love.” 


Keaton ^ Nov.  28,  J788. 
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TO 

Dr.  DARWIN. 

While  Sargent  winds  with  fond  and  curious  eyes 
Thro’  every  mazy  region  of  the  mine 
While  as  entrancing  forms  around  him  rife. 

With  magic  light  the  mineral  kingdoms  ihlne  ; 

Behold  1 amid  the  vegetable  bloom, 

0 Darwin,  thy  ambrofial  rivers  flow. 

And  funs  more  pure  the  fragrant  earth  illume. 

As  all  the  vivid  plants  with  paffion  glow. 

Yes !— and,  where’er  with  life  creation  teems, 

1 trace  thy  fpirlt  thro’  the  kindling  whole  : 

As  with  new  radianee  to  the  genial  beams 

Of  Science,  ifles  emerge,  or  oceans  roll. 

And  Nature,  in  primordial  beauty  feems 

To  breathe,  infpir’d  by  Thee,  the  philosophic 
SOUL  ! 

R.  POLWHELE. 

Kenton,  near  Exeter, 

April  18,  1792. 

A Z 
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TO 

Dr.  DARWIN. 

1 wo  Poets,  (poets,  by  report, 

Not  oft  fb  well  agree) 

Sweet  harmonift  of  Flora’s  court ! 
Confpire  to  honour  Thee. 

They  beft  can  judge  a Poet’s  worth. 
Who  oft  themfelves  have  known 
The  pangs  of  a poetic  birth 
By  labours  of  their  ow*n. 

We,  therefore  pleas’d,  extol  thy  fong. 
Though  various  yet  complete. 

Rich  in  embellilhment,  as  Rrong 
And  learn’ d as  it  is  fweet. 

No  envy  mingles  with  our  pralfe. 
Though  could  our  hearts  repine 
At  any  Poet’s  happier  lays. 

They  w^ould,  they  mull,  at  thine. 


But  we  in  mutual  bondage  knit 
Of  Friendfhlp’s  clofeft  tie, 

Can  gaze  on  even  Darwin’s  wit 
With  an  unjaundic’d  eye  ; 

And  deem  the  bard,  whoe  er  he  be, 

And  howfoever  known. 

Who  would  not  twine  a wreath  for  Thee, 

Unworthy  of  his  own. 


iVeJlon  Undermood,  Oln^,  Buchy 
June  23,  1793. 


W.  COWPER. 


( ^ ) 


TO 

Dr.  DARWIN. 


As  Nature  lovely  Science  led 
Thro’  all  her  flow’ry  maze, 

The  volume  Ihe  before  her  fpread 
Of  Darwin’s  radiant  lays. 

Coy  Science  ftarts— fo  flarted  Eve 
At  beauties  yet  unknov^^n : 

‘‘  The  figure  that  you  there  perceive 
(Said  Nature)  is  your  own.” 

*‘My  own  ? It  is  : — but  half  fo  fair 
‘‘  I never  feem’d  till  now  : 

And  here,  too,  with  a foften’d  air, 
“ Sweet  nature  ! here  art  Thou.” 

u Yes — in  this  mirrour  of  the  Bard 
We  both  embellifli’d  Ibine  ; 
And  grateful  will  unite  to  guard 
“ An  artift  fo  divine.  


( xl  ) 

Thus  Nature  and  thus  Science  fpake 
In  Flora  s friendly  bower  ; 

While  Darwin’s  glory  feem’d  to  wake 
New  life  in  every  flower. 

This  with  delight  two  Poets  heard  : 
Time  verifies  it  daily  ; 

Truft  it,  dear  Darwin,  on  the  word 
Of  CowpER  and  of  Hayley  1 


Earthan,  near  Chichejler, 
June  27,  1792. 


W.  HAYLEY. 
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Addrefs  to  the  River  Derwent,  on  whofe  Banks  the 
Author  of  the  Botanic  Garden  rejtdes. 


BY  F.  N.  C.  MUNDY,  ESQ.  1792. 


Derwent,  like  thee  thy  Poet’s  fplendid  fong, 
With  fweet  viciflitudes  of  eafe  and  force. 

Now  with  enchanting  fmoothnefs  glides  along, 
Now  pours  Impetuous  its  refounding  courfe ; 

While  Science  marches  down  thy  wond’rlng  dells. 
And  all  the  Mufes  round  her  banners  crowd. 
Pleas’d  to  affemble  in  thy  fparry  cells, 

And  chant  her  leffons  to  thy  echoes  proud; 

While  here  Phllofophy  and  Truth  dlfplay 

The  fhinlng-robes  thofe  heaven-born  fillers 
wove, 

While  Fays  and  Graces  beck’ning  fmooth  their 
way, 

And  hand  in  hand  with  Flora  follows  Love  ; 


( xiii  ) 

Well  may  fuch  radiant  ftate  increafe  thy  pride, 
Delighted  ftream  1 tho’  rich  in  native  charms, 
Tho’  inborn  worth  and  honour  ftill  refide. 

Where  thy  chill  banks  the  glow  of  Chatfworth 

warms. 

Tho’  here  her  new-found  art,  as  that  of  yore, 

The  fpinfter  Goddefs  to  thy  rule  affigns ; 

Tho’,  where  her  temples  crowd  thy  peopled  fliore, 
Wealth  gilds  thy  urn,  and  Fame  thy  chaplet 
twines ; 

Ah,  while  thy  nymphs  in  Derby’s  towered  vale 
' Lead  their  fad  Quires  around  Milcena’s  bier, 
What  foothing  fweetnefs  breathes  along  the  gale. 
Comes  o’er  the  confort’s  heart,  and  balms  a 
brother’s  tear! 

Her  new-found  art,  ISc.  Alluding  to  the  numerous  cotton 
mills  on  and  near  the  river  Derwent. 

Mlcenas  bier.  Mrs.  French,  Filer  to  Mr.  Mundy.  Part  I, 
Canto  III.  1. 
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VOL.  I. 

CONTAINING 

ECONOMY  OF  VEGETATION, 
A POEM. 

WITH 

PHILOSOPHICAL  NOTES. 

It  Ver,  et  Venus  5 et  Veneris  prjEnuncius  ante 
Pennatus  graditur  Zephyrus  vestigia  propter; 

Flora  quibus  mater,  pr^spergens  ante  viai 

CuNCTA,  COLORIBUS  EGREGIIS  ET  ODORIBUS  OPPLET.  ^ 
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APOLOGY. 


It  may  be  proper  here  to  apologize  for  many  of 
the  fubfequent  conje£lures  on  fome  articles  of  na- 
tural philofophy,  as  not  being  fupported  by  accu- 
rate inveftigation  or  conclufive  experiments.  Ex- 
travagant theories  however  in  thole  parts  of  phi- 
lofbphy,  where  our  knowledge  is  yet  imperfeft, 
are  not  without  their  ufe ; as  they  encourage  the 
execution  of  laborious  experiments,  or  the  invef* 
tigation  of  ingenious  deductions,  to  confirm  or  re- 
fute them.  And  fince  natural  objeCts  are  allied 
to  each  other  by  many  affinities,  every  kind  of 
theoretic  diflribution  of  them  adds  to  our  know- 
ledge by  developing  fome  of  their  analogies. 


The  Roficrufian  doCtrine  of  Gnomes,  Sylphs, 
Nymphs,  and  Salamanders,  was  thought  to  afford 
a proper  machinery  for  a Botanic  poem  ; as  it  is 
probable,  that  they  were  originally  the  names  of 
hieroglyphic  figures  reprefcnting  the  elements. 


Many  of  the  important  operations  of  nature 
were  fhadowed  or  allegorized  in  the  heathen  my- 
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thology,  as  the  firft  Cupid  fprlnging  from  the  Egg 
of  Night,  the  marriage  of  Cupid  and  Pfyche,  the 
Rape  of  Profcrpine,  the  Congrefs  of  Jupiter  and 
Juno,  the  Death  and  Refufcitation  of  Adonis, 
&c.  many  of  which  are  ingenioufly  explained  in 
the  works  of  Bacon,  Vol.  V.  p.  47.  4th  Edit, 
London,  1778.  The  Egyptians  were  pofTeffed 
of  many  difcoveries  in  philofophy  and  chemiftry 
before  the  invention  of  letters  ; thefe  were  then 
expreffed  in  hieroglyphic  paintings  of  men  and 
animals  ; which  after  the  difcovery  of  the  alpha- 
bet were  defcribed  and  animated  by  the  poets, 
and  became  firft  the  deities  of  Egypt,  and  after- 
wards of  Greece  and  Rome.  Allufions  to  thofe 
fables  were  therefore  thought  proper  ornaments 
to  a philofophical  poem,  and  are  occafionally  in- 
troduced either  as  reprefented  by  the  poets,  or 
preferved  on  the  numerous  gems  and  medallions 
of  antiquity. 


ARGUMENT  OF  THE  FIRST  CANTO. 


Xhe  Genius  of  the  place  Invites  the  Goddefs  of  Botany,  i.  She 
defeends,  is  received  by  Spring,  and  the  Elements,  59.  Addrefles 
the  Nymphs  of  Fire.  Star-light  Night  feen  in  the  Camera  Ob- 
feura,  81.  I.  Love  created  the  Univerfe.  Chaos  explodes.  All 
the  Stars  revolve.  God.  97.  II.  Shooting  Stars.  Lightning. 
Rainbow.  Colours  of  the  Morning  and  Evening  Skies.  Exterior 
Atmofphere  of  inflammable  Air.  Twilight.  Fire-balls.  Aurora 
Borealis.  Planets.  Comets.  Fixed  Stars.  Sun’s  Orb,  115. 
III.  I.  Fires  at  the  Earth’s  Centre.  Animal  Incubation,  137. 
2.  Volcanic  Mountains.  Venus  vifits  the  Cyclops,  149.  IV. 
Heat  confined  on  the  Earth  by  the  Air.  Phofphoric  lights  in 
the  Evening.  Bolognian  Stone.  Calcined  Shells.  Memnon’s 
Harp,  173.  Ignis  fatuus.  Luminous  Flowers.  Glow-worm. 
Fire-fly.  Luminous  Sea-infedls.  Elediric  Eel.  Eagle  armed 
with  Lightning,  189.  V.  1.  Difeovery  of  Fire.  Medufa,  209. 
2.  The  Chemical  Properties  of  Fire.  Phofphorus.  Lady  in 
Love,  223.  3.  Gunpowder,  237.  VI.  Steam-engine  applied 

to  Pumps,  Bellows,  Water-engines,  Corn-mills,  Coining, 
Barges,  Waggons,  Flying-chariots,  253.  Labours  of  Hercules. 
Abyla  and  Calpe,  297.  VII.  i.Eledlric  Machine.  Hefperian 
Dragon.  Eledtric  Kifs.  Halo  round  the  heads  of  Saints.  Elec- 
tric Shock.  Fairy-rings,  335.  2. Death  of  ProfeflTor  Richman, 

371-  3-  Franklin  draws  Lightning  from  the  Clouds.  Cupid 

fnatches  the  Thunder-bolt  from  Jupiter,  383.  VIII.  Phofphoric 
Acid  and  Vital  Heat  produced  in  the  Blood.  The  great  Egg 
of  Night,  399.  IX.  Weftern  Wind  unfettered.  Naiad  re- 


( XX  ) 

leafed.  Froft  affalled.  Whale  attacked,  421.  X.  Buds  and 
Flowers  expanded  by  W^armth,  Elcdlricity,  and  Light.  Draw- 
ings with  colourlefsfympathetic  Inks;  which  appear  when  warm- 
ed by  the  Fire,  457.  XI.  Sirius.  Jupiter  and  Semele.  Nor- 
thern Conftellations.  Ice-Iflands  navigated  into  the  Tropic  Seas. 
Rainy  Monfoons,  497.  XII.  Points  ereded  to  procure  Rain. 
Elijah  on  Mount  Carmel,  549.  Departure  of  the  Nymphs  of 
Fire  like  Sparks  from  artificial  Fireworks,  587. 
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ECONOMY  OF  VEGETATION. 


CANTO  I. 


Stay  your  rude  steps!  whofe  throbbing 
breads  infold 

The  legion-fiends  of  Glory,  or  of  Gold ! 

Stay  ! whofe  falle  lips  fedu<flive  fimpers  part. 
While  Cunning  neflles  in  the  harlot-heart ! — 

For  you  no  Dryads  drefs  the  rofeate  bower. 

For  you  no  Nymphs  their  fparkling  vafes  pour ; 
Unmark’d  by  you,  light  Graces  fwim  the  green, 
And  hovering  Cupids  aim  their  fhafts,  unfeen. 

But  Thou  ! whofe  mind  the  well-attemper’d 
ray 

Of  Tafte  and  Virtue  lights  with  purer  day ; lo 
VoL.  I B 
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ECONOMY  OF 


Canto  I. 


Whofe  finer  fenfc  each  foft  vibration  owns 
With  fweet  refponfive  fympathy  of  tones; 

So  the  fair  flower  expands  it’s  lucid  form 
To  meet  the  fun,  and  fhuts  it  to  the  ftorm; — 

For  thee  my  borders  nurfe  the  fragrant  wreath. 
My  fountains  murmur,  and  my  zephyrs  breathe ; 

. Slow  Aides  the  painted  fnail,  the  gilded  fly 
Smooths  his  fine  down,  to  charm  thy  curious  eye ; 
On  twinkling  fins  my  pearly  nations  play, 

Or  win  with  finuous  train  their  tracklefs  way ; zo 
My  plumy  pairs  in  gay  embroidery  drefs’d 
Form  with  ingenious  bill  the  penfilc  neft. 

To  Love’s  fweet  notes  attune  the  liflening  dellj 
And  Echo  founds  her  foft  fymphonious  fliell. 

And,  if  with  Thee  fome  haplefs  Maid  Ihould 
flray, 

Difaflrous  Love  companion  of  her  way. 


So  the  fair  flower.  1.  13.  It  feems  to  have  been  the  original 
defign  of  the  philofophy  of  Epicurus  to  render  the  raindexquifitc- 
ly  fcnfibly  to  agreeable  fenfations,  and  equally  infenfible  to  dif- 
agrecable  ones, 

Difaflrous  Love.  1.  26.  The  fcenery  is  taken  from  a botanic 
garden  about  a mile  from  Lichfield,  where  a cold  bath  was  erect- 
ed by  Sir  John  Floyer.  There  is  a grotto  furrounded  by 
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Oh,  lead  her  timid  fteps  to  yonder  glade, 

Whofe  arching  cliffs  depending  alders  fliade ; 
There,  as  meek  Evening  wakes  her  temperate 
breeze. 

And  moon-beams  glimmer  through  the  trembling 
trees,  30 

The  rills,  that  gurgle  round,  fliall  footh  her  ear. 
The  weeping  rocks  lliall  number  tear  for  tear ; 
There  as  fad  Philomel,  alike  forlorn, 

Sings  to  the  Night  from  her  accuifomed  thorn ; 
While  at  fweet  intervals  each  falling  note 
Sighs  in  the  gale,  and  whifpers  round  the  grot ; 
The  fifter-woe  fliall  calm  her  aching  bread:. 

And  fofter  flumbers  fteal  her  cares  to  reft. — 

**  Winds  of  the  North  ! reftrain  your  icy  gales. 
Nor  chill  the  bofom  of  thefe  happy  vales  ! 40 

Hence  in  dark  heaps,  ye  gathering  Clouds,  revolve! 
Difperfe,  ye  Lightnings ! and,  ye  Mifts,  diffolve  1. 

proje6hng  rocks,  from  the  edges  of  which  trickles  a perpetual 
Ihower  of  water ; and  it  is  here  reprefented  as  adapted  to  love- 
feenes,  as  being  thence  a proper  refidence  for  the  modern  god- 
defs  of  Botany,  and  the  eafier  to  introduce  the  next  poem  on  the 
Loves  of  the  Plants,  according  to  the  fyftem  of  Linnaeus. 


Canto  L 


4 economy  of 

—Hither,  emerging  from  yon  orient  ikies. 
Botanic  Goddess!  bend  thy  radiant  eyes; 

O’er  thefe  foft  fcenes  aflume  thy  gentle  reign, 
Pomona,  Ceres,  Flora  in  thy  train  ; 

O’er  the  ftill  dawn  thy  placid  fmile  effufe, 

And  with  thy  filver  fandals  print  the  dews ; 

In  noon’s  bright  blaze  thy  vermil  veil  unfold. 

And  wave  thy  emerald  banner  ftarr’d  with 
gold.”  50 

Thus  fpoke  the  Genius,  as  He  ftept  along. 
And  bade  thefe  lawns  to  Peace  and  Truth  belong; 
Down  the  fteep  hopes  He  led  with  modeft  fkill 
The  willing  pathway,  and  the  truant  rill. 

Stretch’d  o’er  the  marlhy  vale  yon  willowy 
mound. 

Where  fiiines  the  lake  amid  the  tufted  ground, 
Raifed  the  young  w^oodland,  fmooth’d  the  wavy 
green. 

And  gave  to  Beauty  all  the  quiet  feene. — 

She  comes!— the  Goddess  !— through  the 
whifpering  air. 

Bright  as  the  morn,  defeends  her  bluihing  car;  60 
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Each  circling  wheel  a wreath  of  flowers  intwines, 

And  gem’d  with  flow'ers  the  filken  harnefs  flilnes; 

The  golden  bits  with  flowery  finds  are  deck’d. 

And  knots  of  flowers  the  crimfon  reins  connedl. — 

And  now  on  earth  the  filver  axle  rings, 

And  the  fhell  finks  upon  its  flender  fprings  ; 

Light  from  her  airy  feat  the  Goddefs  bounds. 

And  flops  celeflial  prefs  the  panfied  grounds. 

% 

Fair  Spring  advancing  calls  her  feather’d  quire. 
And  tunes  to  fofter  notes  her  laughing  lyre ; 70 

Bids  her  gay  hours  on  purple  pinions  move. 

And  arms  her  Zephyrs  with  the  fliafts  of  Love, 
Pleafed  Gnomes,  afcending  from  their  earthy  beds. 
Play  round  her  graceful  footfleps,  as  fhe  treads  ; 

Pleafed  Gnomes.  I.  73.  The  Roficruclan  dodlrine  of  Gnomes, 
Sylphs,  Nymphs,  and  Salamanders,  affords  proper  machinery  for 
a philofophic  poem  ; as  it  is  probable  that  they  were  originally 
the  names  of  hieroglyphic  figures  of  the  Elements,  or  of  Genii 
prefiding  over  their  operations.  The  Fairies  of  more  modern 
days  fcem  to  have  been  derived  from  them,  and  to  have  inherited 
their  powers.  The  Gnomes  and  Sylphs,  as  being  more  nearly 
allied  to  modern  Fairies,  are  reprefented  as  either  male  or  female, 
which  diftinguifhes  the  latter  from  the  Aurae  of  the  Latin  Poets, 
which  were  only  female ; except  the  winds,  as  Zephyrus  and 
Aufter,  may  be  fuppofed  to  have  been  their  hufbands, 
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Gay  Sylphs  attendant  beat  the  fragrant  air 
On  winnowing  wdngs,  and  waft  her  golden  hair ; 
Blue  Nymphs  emerging  leave  their  fparkling 
ftreams, 

And  Fiery  Forms  alight  from  orient  beams ; 
Mufk’d  in  the  rofe’s  lap  frelh  dew”s  they  fhed. 

Or  breathe  celeftial  luftres  round  her  head.  8o 

Firft  the  fine  forms  her  dulcet  voice  requires. 
Which  bathe  or  bafk  in  elemental  fires ; 

From  each  bright  gem  of  Day’s  refulgent  car. 
From  the  pale  fphere  of  every  twinkling  ftar. 

From  each  nice  pore  of  ocean,  earth,  and  air. 
With  eye  of  flame  the  fparkling  hofls  repair. 

Mix  their  gay  hues,  in  changeful  circles  play. 

Like  motes,  that  tenant  the  meridian  ray. — 

So  the  clear  Lens  collects  with  magic  power 
The  countlefs  glories  of  the  midnight  hour  ; 90 

Stars  after  ftars  with  quivering  luflre  fall, 

And  tw'lnkling  glide  along  the  whiten’d  wall. — 
Pleafed,  as  they  pafs  Ihe  counts  the  glittering  bands. 
And  fUlls  their  murmur  with  her  waving  hands ; 
Each  liftcning  tribe  with  fond  expectance  burns, 
And  now'  to  tbefc,  and  now  to  thofe,  file  turns. 
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I.  ‘^Nymphs  of  primeval  Fire!  your 

veftal  train 

Hung  with  gold-treffes  o’er  the  vaft  inane. 


Nymphs  of  primeval  fire.  1.  97.  The  fluid  matter  of  heat  is 
perhaps  the  moll:  extenfive  element  in  nature ; all  other  bodies 
are  immerfed  in  it,  and  are  preferved  in  their  prefent  llate  of 
folidity  or  fluidity  by  the  attra6bion  of  their  particles  to  the  mat- 
ter of  heat.  Since  all  known  bodies  are  contra61ible  into  lefs 
fpace  by  depriving  them  of  fome  portion  of  their  heat,  and  as 
there  is  no  part  of  nature  totally  deprived  of  heat,  there  is  rea- 
fon  to  believe  that  the  particles  of  bodies  do  not  touch,  but  are 
held  towards  each  other  by  their  felf-attra6lion,  and  recede  from 
each  other  by  their  attradlion  to  the  mafs  of  heat  which  furrounds 
them  ; and  thusexifl;  in  an  equilibrium  between  thefe  two  powers. 
If  more  of  the  matter  of  heat  be  applied  to  them,  they  recede 
farther  from  each  other,  and  become  fluid;  if  ftill  more  be  ap- 
plied, they  take  an  aerial  form,  and  are  termed  Gafes  by  the 
modern  chemifts.  Thus  when  water  is  heated  to  a certain  de- 
gree, it  would  inftantly  aflTume  the  form  of  fleam,  but  for  the 
preflure  of  the  atmofphere,  which  prevents  this  change  from 
taking  place  fo  caflly  ; the  fame  is  true  of  quickfilver,  diamonds, 
and  of  perhaps  all  other  bodies  in  Nature  ; they  would  firfl  be- 
come fluid,  and  then  aeriform  by  appropriate  degrees  of  heat. 
On  the  contrary,  this  elaflic  matter  of  heat,  termed  Calorique 
in  the  new  nomenclature  of  the  French  Academicians,  is  liable 
to  become  confolidated  itfclf  in  its  combinations  with  fome  bo- 
dies, as  perhaps  in  nitre,  and  probably  in  combuflible  bodies  as 
fulphur  and  charcoal.  See  note  on  1.  2^2  of  this  Canto.  Mo- 
dern philofophers  have  not  yet  been  able  to  decide  whether  light 
?nd  heat  be  different  fluids,  or  modifleations  of  the  fame  fluid, 
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Pierced  with  your  filver  lhafts  the  throne  of 
Night, 

And  charm’d  young  Nature’s  opening  eyes  with 


When  Love  Divine,  with  brooding  wings  un- 


Call’ d fro the  rude  abyfs  the  living  world. 

as  they  have  many  properties  in  common.  See  note  on  1.  468 
of  this  Canto. 

When  Love  Divine.  I.  joi.  From  having  obferved  the  gra- 
dual evolution  of  the  young  animal  or  plant  from  its  egg  or  feed  ; 
and  afterwards  its  fuccefilve  advances  to  its  more  perfedl  Hate, 
or  maturity ; philofophers  of  all  ages  feem  to  have  imagined, 
that  the  great  world  itfelf  had  likewife  its  infancy  and  its  gradual 
progrefs  to  maturity  ; this  feems  to  have  given  origin  to  the  very 
antient  and  fublime  allegory  of  Eros,  or  Divine  Love,  producing 
the  world  from  the  egg  of  Night,  as  it  floated  in  Chaos.  See 
1.  419  of  this  Canto. 

The  external  cruft  of  the  earth,  as  far  as  it  has  been  expofed 
to  our  view  in  mines  or  mountains,  countenances  this  opinion: 
fince  thefehave  evidently  for  the  moft  part  had  their  origin  from 
the  fliells  of  fifties,  the  decompofition  of  vegetables,  and  the  re- 
crements of  other  animal  materials,  and  muft  therefore  have 
been  formed  progrefllvely  from  fmall  beginnings.  There  are  like- 
wife  fome  apparently  ufelefs  or  incomplete  appendages  to  plants 
and  animals,  which  feem  to  ftiew  they  have  gradually  undergone 
changes  from  their  original  ftate  ; fuch  as  the  ftamens  without 
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— ‘Let  there  be  light  !’  proclaim’d  the  Al- 
mighty Lord, 

Allonlfli’d  Chaos  heard  the  potent  word  ; 
Through  all  his  realms  the  kindling  Ether  runs, 
And  the  mafs  ftarts  into  a million  funs; 

anthers,  and  ftyles  without  ftigmas  of  feveral  plants,  as  mention- 
ed in  the  note  on  Curcuma,  Vol.  II.  of  this  work.  Such  as  the 
halteres,  or  rudiments  of  wings  of  fome  two-winged  inle6Is;  and 
the  paps  of  male  animals;  thus  fwine  have  four  toes,  but  two  of 
them  are  imperfedlly  formed,  and  not  Jong  enough  forufe.  The 
allantoide  in  fome  animals  feems  to  have  become  extincl ; in 
others  is  above  tenfold  the  fize,  which  would  feem  necelTary  for 
its  purpofe.  Bulfon  du  Cochon.  T.  6.  p.  257.  Perhaps  all 
the  fiippofed  monllrous  births  of  Nature  are  remains  of  their  ha- 
bits of  produdion  in  their  former  lefs  perfeft  ftate,  or  attemp*-' 
towards  greater  perfe6tion. 


Through  all  his  realms.  1.  105.  Mr.  Herfchel  has  given  a 
very  fublime  and  curious  account  of  the  conllrudtion  of  the  hea- 
vens with  his  difcovery  of  fome  thoufand  nebulae,  or  clouds  of 
flars ; many  of  which  are  much  larger  colle6lions  of  liars,  than 
all  thofe  put  together,  which  are  vihble  to  our  naked  eyes,  added 
to  thofe  which  form  the  galaxy,  or  milky  zone,  which  fur- 
rounds  us.  He  obferves  that  in  the  vicinity  of  thefe  clullers  of 
liars  there  arc  proportionally  fewer  Bars  than  in  other  parts  of 
the  heavens,  and  hence  he  concludes,  that  they  have  attraded 
each  other,  o|i  the  fuppohtion  that  infinite  fpace  was  at  firll 
equally  fprinkled  with  them;  as  if  it  had  at  the  beginning  been 
filled  with  a fluid  mafs,  which  had  coagulated.  Mr.  Herfchel 
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Earths  round  each  fun  with  quick  explofions  burfi:. 
And  fecond  planets  iflue  from  the  firft ; 

hns  further  flievvn,  that  the  whole  fidereal  fy/lem  is  gradually 
moving  round  fo me  centre,  which  maybe  an  opake  mafs  of  mat- 
ter, Philof.  Tranf.  VoL  LXXIV.  If  all  thefe  vSuns  are  mov- 
ing round  fome  great  central  body,  they  muft  have  had  a pro- 
jectile force,  as  w'cll  as  a centripetal  one;  and  may  thence  be 
fuppofed  to  have  emerged  or  been  projedled  from  the  material, 
where  they  were  produced.  We  can  have  no  idea  of  a natural 
power,  which  could  prqje6l  a Sun  out  of  Chaos,  except  by  com- 
paring it  to  the  explofions  or  earthquakes  owing  to  the  fudden 
evolution  of  aqueous  or  of  other  more  elaftic  vapours ; of  the 
power  of  which  under  immeafureable  degrees  of  heat,  and  com- 
prelTion,  we  are  yet  ignorant. 

It  may  be  obje.fted,  that  if  the  hars  had  been  projc6led  from 
* Chaos  by  explofions,  they  muft  have  returned  again  into  it 
from  the  known  laws  of  gravitation ; this  however  would  not 
happen,  if  the  whole  of  Chaos,  like  grains  of  gunpowder,  was 
exploded  at  the  fame  time,  and  difperfed  through  infinite  fpace 
at  once,  or  in  quick  fucceflion,  in  every  pofllble  diredion.  The 
fame  objedlion  may  be  fiated  againfl  the  polfibility  of  the  planets 
having  been  thrown  from  the  fun  l>y  explofions;  and  the  fe- 
condary  planets  from  the  primary  ones ; which  will  be  fpoken 
of  more  at  large  in  the  fecond  Canto:  but  if  the  planets  are  fup- 
pofed  to  have  been  projedltd  from  their  funs,  and  the  fecondary 
from  the  primary  ones,  at  the  beginning  of  their  courfe;  they 
might  be  fo  influenced  or  diverted  by  the  atti  adlions  of  the  funs, 
or  fun,  in  their  vicinity,  as  to  prevent  their  tendency  to  return 
into  tlie  body,  from  which  they  were  projedled. 

If  thefe  innumerable  and  immenfe  funs  thus  rifing  out  of 
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Bend,  as  they  journey  with  proje6lile  force. 

In  bright  ellipfes  their  reluctant  courfe  ; no 
Orbs  wheel  in  orbs,  round  centres  centres  roll. 
And  form,  felf-balanced,  one  revolving  Whole. 

— Onward  they  move  amid  their  bright  abode. 
Space  without  bound,  the  bosom  of  their 
God  ! 

II.  Ethereal  Powers  ! you  chafe  the 
Ihooting  Ears, 

Or  yoke  the  vollied  lightnings  to  your  cars. 

Cling  round  the  aerial  bow  wdth  prifms  bright. 
And  pleas’d  untwift  the  fevenfold  threads  of  light; 


Chaos  are  fuppofed  to  have  thrown  out  their  attendant  planets 
by  n*=v/  explofions,  as  they  afccnded;  and  thofe  their  rerpective 
fatellites  filling  in  a moment  the  immenfity  of  fpace  with  light 
and  motion,  a grander  idea  cannot  be  conceived  by  the  mind  of 
man. 

Chafe  theJJoootingJlars.  1.  115.  The  meteors  called  flaooting 
ftnrs,  the  lightning,  the  rainbow,  and  tlie  clouds,  are  pheno- 
mena of  the  lower  regions  of  the  atmofphere.  The  twilight, 
the  meteors  called  fire-balls,  or  flying  dragons,  and  the  northern 
lights,  inhabit  the  higher  regions^  of  the  atmofphere.  See  ad- 
ditional notes.  No.  I. 

Cling  rcund  the  aerial  bow.  1 . 1 1 7 . See  additional  notes,  No.  II. 
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Eve’s  filken  couch  with  gorgeous  tints  adorn. 

And  fire  the  arrowy  throne  of  rifmg  Morn.  i2o 
— Or,  plum’d  w ith  flame,  in  gay  battalions  fpring 
To  brighter  regions  borne  on  broader  wing; 
Where  lighter  gafes,  circumfufcd  on  high. 

Form  the  vafl  concave  of  exterior  fky ; 


Eve’s  Jtiken  couch.  1.  119.  See  additional  Notes,  No.  III. 

fVJoere  lighter  gafes.  1.  123.  Mr.  Cavendilh  has  (hewn,  that 
the  called  inflammable  air,  is  at  lead  ten  times  lighter  than 
common  air;  Mr.  Lavoifier  contends,  that  It  is  one  of-the  com- 
ponent parts  of  water,  and  is  by  him  called  liydrogene.  It  is 
fuppofed  to  afford  their  principal  noarifliment  to  vegetables  and 
thence  to  animals,  and  is  perpetually  rifmg  from  their  decom- 
pofilion ; this  fource  of  it  in  hot  climates,  and  in  fummer 
months,  is  fo  great  as  to  exceed  cdimatlon.  Now  if  this  light 
gas  paffes  through  the  atmofphere,  witliout  combining  with  it, 
it  mud  compofe  another  atmofphere  over  the  aerial  one;  which 
mud  expand,  when  the  preffure  above  it  is  thus  taken  away,  to 
inconceivable  tenuity. 

If  this  fupernatural  gaffeous  atmofphere  floats  upon  the  aerial 
one,  like  ether  upon  water,  what  mud  happen?  1.  it  will  Row 
from  the  line,  where  it  will  be  produced  in  the  greated  quanti- 
ties, and  become  much  accumulated  over  the  poles  of  the  earth; 
Z.  the  common  air,  or  lower  dratum  of  the  atmofphere,  will  be 
much  thinner  over  the  poles  than  at  the  line  ; bccaufe  if  a glafs 
globe  be  filled  with  oil  and  water,  and  whirled  upon  its  axis,  the 
centrifugal  power  will  carry  the  heavier  fluid  to  the  circumfer- 
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With  airy  lens  the  fcatter’d  rays  affault, 

And  bend  the  twilight  round  the  duflcy  vault ; 

ence,  and  the  lighter  will  in  confequence  be  found  round  the 
axis.  3.  There  may  be  a place  at  fomc  certain  latitude  between 
the  poles  and  the  line  on  each  fide  the  equator,  where  the  in- 
flammable fupernatant  atmofphere  may  end,  owing  to  the  greater  - 
centrifugal  force  of  the  heavier  aerial  atmofphere.  4.  Between 
the  termination  of  the  aerial  and  the  beginning  of  the  gafleous 
atmofphere,  the  airs  will  occafionally  be  Intermixed,  and  thus 
become  inflammable  by  the  ele£lric  fpark ; thefe  circum fiances 
will  aflifi  in  explaining  the  phenomena  of  fire-balls,  northern 
lights,  and  of  fome  variable  winds,  and  long-continued  rains. 

Since  the  above  note  was  firfi  writen^  Mr.  Volta  I am  in- 
formed has  applied  the  fuppofition  of  a fupernatant  atmofphere 
of  inflammable  air,  to  explain  feme  phenomena  in  meteorology. 
And  Mr.  Lavoifier  has  announced  his  defign  to  write  on  this 
fubjedl.  Traite  de  Chimie,  Tom.  I.  I am  happy  to  find  thefe 
opinions  fupported  by  fuch  refpe£lable  authority. 

And  bend  the  twilight.  1.  126.  The  crepufcular  atmofphere, 
or  the  region  where  the  light  of  the  fun  ceafes  to  be  refradlcd 
to  us,  is  efiimated  by  philofophers  to  be  between  40  and  50  miles 
high,  at  which  time  the  fun  is  about  18  degrees  below  the  ho- 
rizon ; and  the  rarity  of  the  air  is  fuppofed  to  be  from  4,000  to 
10,000  times  greater  than  at  the  fuifacc  of  the  earth.  Cotes’s 
Hydrofi.  p.  123.  The  duration  of  twilight  differs  in  different 
feafons  and  in  different  latitudes;  in  England  the  fiiortefi  twi- 
light is  about  the  beginning  of  OcStober  and  of  March  ; In  more 
northern  latitudes,  where  the  fun  never  finks  more  than  18  de- 
grees below  the  horizon,  the  twilight  continues  the  whole 
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Ride,  with  broad  eye  and  fclntillating  hair. 

The  rapid  Fire-ball  through  the  midnight  air ; 
Dart  from  the  North  on  pale  cledric  ftreams. 
Fringing  Night’s  fable  robe  with  tranfient  beams. 
— Or  rein  the  Planets  in  their  fwift  careers,  13 1 
(Riding  with  borrow’dllght  their  twinklingfpheres; 
Alarm  with  comet-blaze  the  fapphire  plain. 

The  wan  ftars  glimmering  through  its  filver  train ; 
Gem  the  bright  zodiac,  Rud  the  glow  ing  pole. 

Or  give  the  Sun’s  phlogiftlc  orb  to  roll. 

III.  ‘^Nymphs!  your  £ne  forms  with  Reps 
impaflive  mock 

Earth’s  vaulted  roofs  of  adamantine  rock ; 


night.  The  time  of  its  duration  may  alfo  be  occafionally  affect- 
ed by  the  varying  height  of  the  atniofphere.  A number  of  obfer- 
vations  on  the  duration  of  twilight  in  different  latitudes  might 
afford  confiderable  information  concerning  the  aerial  ftrata  in 
the  higher  regions  of  the  atmofphere,  and  might  affift  in  deter- 
mining whether  an  exterior  atmofphere  of  inflammable  gas,  or 
hydrogene,  exifts  over  the  aerial  one. 

Alarm  with  comct-hlaze.  1.  133.  See  additional  notes,  No.  IV. 

^hc  Suns  phloglJHc  orb.  1. 136.  See  additonal  notes,  No.  V. 
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Round  her  Rill  centre  tread  the  burning  foil. 

And  watch  the  billowy  Lavas,  as  they  boil ; 140 
Where,  in  bafaltlc  caves  imprifon’d  deep^ 
Relu^lant  fires  in  dread  fufpenfion  fleep ; 

Or  iphere  on  fphere  in  widening  waves  expand. 
And  glad  with  genial  warmth  the  incumbent 
land. 

Thus  when  the  mother-bird  on  mofs-wove  nefi; 
Lulls  her  fond  brood  beneath  her  plumy  breaft; 
Warmth  from  her  tender  heart  diffufive  fprings. 
And  charm’d  fhe  fhields  them  with  diverging 
wdngs. 

‘‘You  from  deep  cauldrons  and  unmeafiired 
caves 

Blow  flaming  airs,  or  pour  vitrefcent  waves;  150 


Round  her  Jlill  centre.  1.  139.  Many  philofophers  have  be- 
lieved that  the  central  parts  of  the  earth  confift  of  a fluid  mafs 
of  burning  lava,  which  they  have  called  a fubterraneous  fun ; 
and  have  fuppofed,  that  it  contributes  to  the  production  of  me- 
tals, and  to  the  growth  of  vegetables.  Sec  additional  notes, 
No.  VI. 

Or  fphere  on  fphere.  1.  143.  See  additional  notes,  No.  VII, 
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O’er  fhlning  oceans  ray  volcanic  light. 

Or  hurl  innocuous  embers  to  the  night. 

While  with  loud  fliouts  to  Etna  Hecla  calls, 

And  Andes  anfwers  from  his  beacon’d  walls  ; 

1-Iurl  innocuous  embers.  I.  15  2.  The  immediate  caufe  of  vol- 
canic eruptions  is  believed  to  be  owing  to  the  water  of  the  Tea, 
or  from  lakes,  or  inundations,  finding  itfelf  a pafiTage  into  the 
fubterrancous  fires,  which  may  lie  at  great  depths.  This  mud 
firft  produce  by  its  coldnefs  a condenfation  of  the  vapour  there 
exi fling,  or  a vacuum,  and  thus  occafion  parts  of  the  earth’s 
cruft  or  Ihell  to  be  forced  dowm  by  the  prefTure  of  the  incum- 
bent atmofphere.  Afterwards  the  water  being  fuddenly  raifed 
into  fteam  produces  all  the  explofive  effe£ls  of  earthquakes.  And 
by  new  acceffions  of  water  during  the  intervals  of  the  explofions 
the  repetition  of  the  Ihocks  is  caufed.  Thefe  circumftanccs 
were  hourly  illuftrated  by  the  fountains  of  boiling  water  in  Ice- 
land, in  which  the  furface  of  the  water  in  the  boiling  wells  funk 
,down  low  before  every  new  ebullition. 

Befides  thefe  eruptions  occafioned  by  the  fteam  of  water,  there 
feems  to  be  a perpetual  effufion  of  other  vapours,  more  noxious 
and  (as  far  as  it  is  yet  known)  perhaps  greatly  more  expanfile 
tlian  water  from  the  Volcanos  in  various  parts  of  the  world. 
As  thefe  Volcanos  are  fuppofed  to  be  fpiracula  or  breathing 
holes  to  the  great  fubterrancous  fires,  it  is  probable  that  the 
efcape  of  elaftic  vapours  from  them  is  the  caufe,  that  the  earth- 
quakes of  modern  days  are  of  fuch  fmall  extent  compared  to  those 
of  antient  times,  of  which  veftiges  remain  in  every  part  of  the 
world,  and  on  this  account  may  be  faid  not  only  to  be  innocu- 
ous, but  ufeful. 
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Sea- wilder  d crews  the  mountaln-flars  admire, 
And  Beauty  beams  amid  terrific  fire. 

**  Thus  when  of  old,  as  myflic  bards  prefumje, 
Huge  Cyclops  dwelt  in  Etna’s  rocky  womb. 

On  thundering  anvils  rung  their  loud  alarms. 

And  leagued  with  Vulcan  forged  immortal  arms; 
Defcending  Venus  fought  the  dark  abode,  i6l 

And  footh’d  the  labours  of  the  grifly  God. 

While  frowning  Loves  the  threatening  falchion 
wield, 

And  tittering  Graces  peep  behind  the  fhleld, 

W^ith  jointed  mail  their  fairy  limbs  o’erwhelm. 

Or  nod  with  paufmg  ftep  the  plumed  helm ; 

With  radiant  eye  She  view’d  the  boiling  ore. 
Heard  undifmay  d the  breathing  bellows  roar, 
Admir  d their  finewy  arms,  and  fhoulders  bare. 
And  ponderous  hammers  lifted  high  in  air,  i;o 
With  fmiles  celeftial  blels’d  their  dazzled  fight. 
And  Beauty  blazed  amid  infernal  night. 

IV.  Effulgent  Maids  ! you  round  deci- 
duous day, 

TrelTed  with  foft  beams,  your  glittering  bands  array ; 

VoL.  r.  c 
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On  Earth’s  cold  bofom,  as  the  Sun  retires. 
Confine  with  folds  of  air  the  lingering  fires  ; 


Confine  with  folds  of  air.  1.  176.  The  air,  like  all  other  bad 
conclu6lors  of  elc61ricity,  is  known  to  be  a bad  condu6tor  of 
iieat ; and  thence  prevents  the  heat  acquired  from  the  fun’s  rays 
by  the  earth’s  furface  from  being  fo  foon  diffipated,  in  the  fame 
manner  as  a blanket,  wliicli  may  be  confidercd  as  a fponge  filled 
with  air,  prevents  the  efcape  of  heat  from  the  perfon  wrapped  in 
it.  This  feems  to  be  one  caufe  of  the  great  degree  of  cold  on 
the  tops  of  mountains,  where  the  rarity  of  the  air  is  greater,  and 
it  therefore  becomes  a better  conductor  both  of  heat  and  elec- 
tricity, See  note  on  Barometz,  Vol.  II.  of  this  work. 

There  is  however  another  caufe  to  which  the  great  coldnefs  of 
mountains  and  of  the  higher  regions  of  the  atmofphere  is  more 
immediately  to  be  aferibed,  explained  by  Dr.  Darwin  in  the 
Philof.  Tranf.  Vol.  LXXVIII.  who  has  there  proved,  by  ex- 
periments with  the  air-gun  and  air-pump,  that  when  any  por- 
tion of  the  atmofphere  becomes  mechanically  expanded,  it  ab- 
forbs  heat  from  the  bodies  in  its  vicinity.  And  as  the  air  which 
creeps  along  the  plains,  expands  itfelf,  by  a part  of  the  preflurc 
being  taken  off  when  it  afeends  the  hdes  of  mountains ; it  at  the 
fame  time  attracts  heat  from  the  fummits  of  thofe  mountains,  or 
other  bodies  which  happen  to  be  immerfed  in  it,  and  thus  pro- 
duces cold.  Hence  he  concludes  that  the  hot  air  at  the  bottom 
of  the  Andes  becomes  temperate  by  its  own  rarefadlion  when  it 
afeends  to  the  city  of  Quito ; and  by  its  further  rarefadlion  be- 
comes cooled  to  tlic  freezing  point  when  it  afeends  to  the  fnowy 
regions  on  the  fummits  of  tliofe  mountains.  To  this  alfo  he  at- 
tributes tlie  great  degree  of  cold  experienced  by  the  aeronauts  in 
their  balloons ; and  whicli  produces  hail  in  fummer  at  the 
heiglit  of  only  two  or  three  miles  in  the  atmofphere. 
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O er  Eve’s  pale  forms  diffufe  pholphoric  light. 
And  deck  with  lambent  flames  the  flirine  of  Night. 
So,  warm  d and  kindled  by  meridian  fkies, 

And  view’d  in  darknefs  with  dilated  eyes,  180 
Bologn’a’s  chalks  with  faint  ignition  blaze, 
Beccari’s  fhells  emit  prifmatic  rays. 

phofphoric  light.  1.  177*  1 have  often  been  induced 

to  believe,  from  obfervation,  that  the  twilight  of  the  evenings  is 
lighter  than  that  of  the  mornings  at  the  fame  dilbnee  from 
noon.  Some  may  aferibe  this  to  the  greater  height  of  the  at- 
mofphere  in  the  evenings  having  been  rarefied  by  the  fun  during 
the  day  ; but  as  its  denfity  muft  at  the  fame  time  be  diminiflied, 
its  power  of  refraaion  would  continue  the  fame.  I fhould  ra- 
ther fuppofe  that  it  may  be  owing  to  the  phofphorefcent  quality 
(as  it  is  called)  of  almofb  all  bodies;  that  is,  when  they  have 
been  expofed  to  the  fun,  they  continue  to  emit  light  for  a con- 
fidcrable  time  afterwards.  This  is  generally  believed  to  arife  ei- 
ther from  fuch  bodies  giving  out  the  light  which  they  had  pre- 
vioufly  abforbed  ; or  to  the  continuance  of  a flow  combuflion 
which  the  light  they  had  been  pyevioufly  expofed  to  had  excited. 
See  the  next  note. 

Beccari  sjhells.  1.  182,  Bcccari  made  many  curious  experi- 
ments on  the  phofphoric  light,  as  it  is  called,  which  becomes  vi- 
fible  on  bodies  brought  into  a dark  room,  after  having  been  pre- 
vioufly  expofed  to  the  funfliine.  It  appears  from  thefe  experi- 
ments that  almofl  all  inflammable  bodies  poflefs  this  quality  in  a 
greater  or  lefs  degree ; white  paper  or  linen  thus  examined,  after 
having  been  expofed  to  the  funlhinc,  is  luminous  to  an  extra- 
ordinary degree  ; and  if  a perfon  fhut  up  in  a dark  room,  puts 
one  of  his  hands  out  into  the  fun’s  light  tor  a flrorttime  and  then 
retraifis  it,  he  will  be  able  to  fee  that  hand  diflindly,  and  notthq 
other.  Ihcfc  experiments  feem  to  countenance  the  idea  of 
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So  to  the  facred  Sim  in  Memnon’s  fane, 
Spontaneous  concords  quired  the  matin  ftrain ; 


light  being  abforbed  and  again  emitted  from  bodies  when  they 
are  removed  into  darknefs.  But  Beccari  further  pretended,  that 
feme  calcareous  compofitions,  when  expofed  to  red,  yellow,  or 
blue  light,  through  coloured  glafles,  would  on  their  being 
brought  into  a dark,  room  emit  coloured  lights.  This  miftaken 
fa<5l  of  Beccari’s,  Mr.  Wilfon  decidedly  refutes  ; and  among 
many  other  curious  experiments  difeovered,  that  if  oyfter-lhells 
were  thrown  into  a common  fire  and  calcined  for  about  half  an 
hour,  and  then  brought  to  a perfon  who  had  previoully  been 
fome  minutes  in  a dark  room,  that  “many  of  them  would  ex- 
hibit beautiful  irifes  of  prifmatic  colours,  whence  probably  arofe 
Beccari’s  miftake.  Mr.  Wilfon  hence  contends,  that  thefe  kinds 
of  phofphori  do  not  emit  the  light  they  had  previoufly  received, 
but  that  they  are  fet  on  fire  by  the  fun’s  rays,  and  continue  for 
fome  time  a flow  combuftion  after  they  are  withdrawn  from  the 
light.  Wilfon’s  Experiments  on  Phofphori.  Dodfiey,  1775. 

The,  Bolognian  fione  is  a felenite,  or  gypfum,  and  has  been  , 
long  celebrated  for  its  phofphorefcent  quality  after  having  been 
burnt  in  a fulphurous  fire  ; and  expofed  when  cold  to  the  fun’s 
light.  It  may  be  thus  well  imitated  ; Calcine  oyfier-fliells  half 
an  hour,  pulverise  them  wheji  cold,  and  add  one  third  part  of 
flowers  of  fulphur,  prefs  them  clofe  into  a fmall  crucible,  and 
calcine  them  for  an  hour  or  longer,  and  keep  the  powder  in  a 
phial  dole  ilopi>ed.  A part  of  this  powder  is  to  be  expofed  for  a 
minute  or  two  to  the  funbeams,  and  then  brought  into  a dark 
room.  The  calcined  liolognian  flone  becomes  a calcareous 
hepar  of  fulphur ; but  the  calcined  fliells,  as  they  contain  the 
animal  acid,  may  alio  contain  fome  of  the  phofphorus  of  Kun- 
kel.  See  additional  notes.  No.  X. 

In  Memmrn  I.  tSj.  See  avlditional  notes,  No.  VIII, 
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— Touch’d  by  his  orient  beam,  refponfive  rings  • 
The  living  lyre,  and  vibrates  all  its  firings ; 
Accordant  ailes  the  tender  tones  prolong, 

And  holy  echoes  fwell  the  adoring  fbng. 

‘‘  You  with  light  Gas  the  lamps  nodlurnal  feed. 
Which  dance  and  glimmer  o’er  the  marfhy  mead  ; 
Shine  round  Calendula  at  twdlight  hours,  19 1 
And  tip  with  filver  all  her  fafFron  flowers ; 

Warm  on  her  mofly  couch  the  radiant  Worm, 
Guar4  from  cold  dews  her  love-illumin’d  form, 

The  lamps  noSlurnal.  1.  189.  The  Ignis  fatuus,  or  Jack  a lan- 
tern, fo  frequently  alluded  to  by  poets,  is  fuppofed  to  originate 
from  the  inflammable  air,  or  Hydrogene,  given  up  from  mo- 
rafTes ; which  being  of  a heavier  kind,  from  its  impurity,  than  that 
obtained  from  iron  and  water,  hovers  near  the  furface  of  the 
earth,  and  uniting  with  common  air  gives  out  light  by  its  flow 
ignition.  Perhaps  fuch  lights  have  no  exiflence,  and  th*e  re- 
fle6lion  of  a ftar  on  watery  ground  may  have  deceived  the  tra- 
vellers, who  have  been  faid  to  be  bewildered  by  them  ; if  the  fadl 
was  cflabliflied  it  would  much  contribute  to  explain  the  pheno- 
mena of  northern  lights.  I have  travelled  much  in  the  night, 
in  all  fcafons  of  the  year,  and  over  all  kinds  of  foil,  but  never  faw 
one  of  thefe  Will  o’wifps. 

Shine  round  Calendula.  1.  191.  See  note  on  Tropzolum  in 
Vol.  II. 

Tiif  radiant  TForm.  1,  193.  Sec  additional  notes,  No.  IX. 
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From  leaf  to  leaf  condu6l  the  virgin  light. 

Star  of  the  earth,  and  diamond  of  the  night. 

You  bid  in  air  the  tropic  Beetle  burn. 

And  fill  with  golden  flame  his  winged  urn ; 

Or  gild  the  furge  with  infc(5f-fparks,  that  fwarm 
Bound  the  bright  oar,  the  kindling  prow  alarm  ; 
Or  arm  in  waves,  eledlric  in  his  ire,  501 

The.  dread  Gymnotus  with  ethereal  fire. — 


T}ye  dread  Gymnotus^  1.202.  The  Gymnotus  ele£lrlcus  is  a 
native  of  the  river  Surinam  in  South  America  ; thofe  which 
were  brought  over  to  England  about  eight  years  ago  were  about 
three  or  four  feet  long,  and  gave  an  elcdlric  ihock  (as  I experi- 
enced) by  putting  one  finger  on  the  back  near  its  head,  and  ano^ 
ther  of  the  oppofite  hand  into  the  water  near  its  tail.  In  their 
native  country  they  are  fald  to  exceed  twenty  feet  in  length  ; 
and  kill  any  man  who  approaches  them  in  an  hoilile  manner. 
It  is  not  only  to  efcape  its  enemies  that  this  furprizing  power  of 
the  filh  is  ufed,  but  alfo  to  take  its  prey  ; which  it  does  by  be- 
numbing them,  and  then  devouring  them  before  they  have  time 
to  recover,  or  by  perfedlly  killing  them  ; for  the  quantity  of  the 
power  feemed  to  be  determined  by  the  will  or  anger  of  the  ani- 
mal 5 as  it  fometimes  ftruck  a filh  twice  before  it  was  fufficiently 
benumbed  to  be  eafily  fvvallovved. 

The  organs  produdlive  of  this  wonderful  accumulation  of 
eledlric  matter  have  been  accurately  difiedfed  and  deferibed  by 
Mr.  J.  Hunter.  Philof.  Tranf.  Vol.  LXV.  They  are  fo  di- 
vided by  membranes  as  to  compofe  a very  extenfive  furface,  and 
are  fupplied  with  many  pairs  of  nerves  larger  than  any  other 
nerves  of  the  body ; but  how  fo  large  a quantity  is  fo  quickly 
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Onward  his  courfe  with  waving  tall  lie  helms. 
And  mimic  lightnings  fcare  the  watery  realms. 

accumulated  as  to  produce  fudi  amazing  efteds  in  a fluid  ill 
adapted  for  the  purpofe  is  not  yet  fatisfadorily  explained.  The 
Torpedo  pofTefTcs  a fmiilar  power  in  a Icfs  degree,  as  was  fliewn 
by  Mr.  Walch,  and  another  fifli  lately  deferibed  by  Mr.  Pater- 
fon.  Philof.  Tranf.  Vol.  LXXVl. 

In  the  conftrudion  of  the  Leyden-Phial,  (as  it  is  called,) 
which  is  coated  on  both  fides,  it  is  known,  that  above  one  hun- 
dred times  the  quantity  of  pofitive  elcdricity  can  be  condenfed 
on  every  fquare  inch  of  the  coating  on  one  fule,  that  could  have 
been  accumulated  on  the  fame  furface  if  there  had  been  no  op- 
pofite  coating  communicating  with  the  earth;  becaufe  the  ne- 
gative eledricity,  or  that  part  of  it  which  caufed  its  expanfion, 
is  now  drawn  off  through  the  glafs.  It  is  alfo  well  known,  that 
the  thinner  the  glafs  is  (which  is  thus  coated  on  both  fides  fo  as 
to  make  a Leyden-phial,  or  plate)  the  more  elecSlricity  can  be 
condenfed  on  one  of  its  furfaces,  till  it  becomes  fo  thin  as  to 
break,  and  thence  difeharse  itfelf. 

Now  it  is  poffible,  that  the  quantity  of  eleiSlricity  conJenfible 
on  one  fide  of  a coated  phial  may  incrcafe  in  fome  high  ratio  in 
refpc(5t  to  the  thinnefs  of  the  glafs,  fince  the  power  of  attravflion 
is  known  to  decreafe  as  the  fquares  of  the  diftances,  to  which 
this  circumflance  of  eledlricity  feems  to  hear  fome  analogy. 
Hence  if  an  animal  membrane,  as  thin  as  the  filk-worm  fpins  its 
filk,  could  be  fo  fituatcd  as  to  be  charged  like  the  Leyden  bottle, 
without  burfling,  (as  fuch  thin  glafs  would  be  liable  to  do,)  it 
would  be  difficult  to  calculate  the  immenfe  quantity  of  elcdlric 
fluid,  which  might  be  accumulated  on  its  furface.  No  land  ani- 
mals are  yet  difeovered  which  poffefs  this  power,  though  the  air 
would  have  been  a much  better  medium  for  producing  its  ef- 
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So,  when  with  bristling  plumes  the  Bird  of  Jov£ 
Vindidlive  leaves  the  argent  fields  above. 

Borne  on  broad  wings  the  guilty  world  he  awes. 
And  grafps  the  lightning  in  his  shining,  claws. 

V.  I.  ^'Nymphs!  your  foft  fra  lies  uncultur’d 
man  fubdued. 

And  charm’d  the  Savage  from  his  native  wood ; 
You,  while  amazed  his  hurrying  Hordes  retire 
From  the  fell  havoc  of  devouring  Fire,  ' 2iiz 


fe6ls ; perhaps  the  fize  of  the  neceflary  apparatus  would  have 
been  inconvenient  to  land  animals. 

In  his  Jhining  claws.  1.  208.  Alluding  to  an  antique  gem  in 
the  colle<SI:ion  of  the  Grand  Duke  of  Florence.  Spence. 

Of  devouring  fire.  1.  212.  The  firft  and  mod  important  dif- 
covery  of  mankind  feems  to  have  been  that  of  fire.  For  many 
ages  it  is  probable  fire  was  efteemed  a dangerous  enemy,  known 
only  by  its  dreadful  devaftations ; and  that  many  lives  nmft  have 
been  lofi,  and  many  dangerous  burns  and  wounds  mud  have  af- 
flicted thofe  who  fird  dared  to  fubje^t  it  to  the  ufes  of  life.  It  is 
faid  that  the  tall  monkles  of  Borneo  and  Sumatra  lie  down  with 
pleafure  round  any  accidental  fire  in  their  woods ; and  are  arriv- 
ed to  that  degree  of  reafon,  that  knowledge  of  caufation,  that  they 
thrud  into  the  remaining  fire  the  half-burnt  ends  of  the  branches 
to  prevent  its  going  out.  One  of  the  nobles  of  the  cultivated 
people  of  Otaheite,  when  Captain  Cook  treated  them  with  tea. 
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Taught,  the  firfl-  Art;  with  piny  rods  to  raile 
By  quick  attrition  the  domcftic  blaze. 

Fan  with  foft  breath,  with  kindling  leaves  provide 
And  lift  the  dread  Deftroyer  on  his  ftde. 

So,  with  bright  wreath  of  ferpent-trefles  crown’d. 
Severe  in  beauty,  young  Medusa  frown’d ; 

catched  the  boiling  water  in  his  hand  fr«n  the  cock  of  the  tea- 
urn,  and  bellowed  with  pain,  not  conceiving  that  water  could 
become  hot,  like  red  fire. 

Tools  of  fteel  confiitute  another  important  difeovery  in  con- 
fequence  of  fire ; and  contributed  perhaps  principally  to  give  the 
European  nations  fo  great  fuperiority  over  the  American  world. 
By  thefe  two  agents,  fire  and  tools  of  fteel,  mankind  became 
able  to  cope  with  the  vegetable  kingdom,  and  conquer  provinces 
of  forefts,  which  in  uncultivated  countries  almoft  exclude  the 
growth  of  other  vegetables,  and  of  thofc  animals  which  are  ne- 
ceflary  to  our  exiftence.  Add  to  this,  that  the  quantity  of  our 
food  is  alfo  incrcafed  by  the  ufe  of  fire,  for  fomc  vegetables  be- 
come falutary  food  by  means  of  the  heat  ufed  in  cookery,  which 
are  naturally  either  noxious  or  difficult  of  digeftion  ; as  pota- 
toes, kidney-beans,  onions,  cabbages.  The  caftava,  when  made 
into  bread,  is  perhaps  rendered  mild  by  the  heat  it  undergoes, 
more  than  by  expreffing  its  fuperfluous  juice.  The  roots  of 
white  bryony  and  of  arum,  I am  informed,  lofe  much  of  their 
acrimony  by  boiling. 

Toung  Medufa  frovcri  d,  1.  ill 8.  The  Egyptian  Medufa  is  re- 
prefented  on  ancient  gems  with  w'ings  on  her  head,  fnaky  hair, 
and  a beautiful  countenance,  which  appears  intenfely  thinking; 
^and  was  fuppofed  to  reprefent  divine  wisdom.  The  Grecian  Me- 
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Erewhile  fubdu’d,  round  Wisdom’s  roll’d 
Hifs  d the  dread  fhakes,  and  flam’d  in  burnifli’d 

220 

Flafli  d on  her  brandifh’d  arm  the  immortal  fliicld. 
And  Terror  lighten’d  o’er  the  dazzled  field. 

Nymphs!  you  disjoin,  unite,  condenfc, 
expand. 

And  give  new  wonders  to  the  ChemifTs  hand ; 

On  tepid  clouds  of  rising  fleam  afpire. 

Or  fix  in  sulphur  all  its  folid  fire ; 


dufa,  on  Minerva’s  Ihield,  as  appears  on  other  gems,  has  a coun- 
tenance diftorted  with  rage  or  pain,  and  is  fuppofed  to  reprefent 
divine  vengeance.  This  Medufa  was  one  of  the  Gorgons,  at  firfl 
very  beautiful  and  terrible  to  her  enemies;  .Minerva  turned  her 
hair  into  fnakes,  and  Perfeus  having  cut  off  her  head  fixed  it  on 

the  fhield  of  that  goddefs ; the  fight  of  which  then  petrified  the 
beholders.  Dannet  Di(5l. 

Orjix  in  fulphur.  1.225.  The  phenomena  of  chemical  ex- 
plofions  cannot  be  accounted  for  without  the  fuppofition,  that 
fome  of  the  bodies  employed  contain  concentrated  Or  folid  heat 
combined  with  them,  to  which  the  French  Chemifts  have  given 
the  name  of  Calorique.  When  air  is  expanded  in  the  air-pump, 
or  water  evaporated  into  fteam,  they  drink  up  or  abforb  a great 
quantity  of  heat;  from  this  analogy,  when  gunpowder  is  explod- 
ed it  ought  to  abforb  much  heat;  that  is,  in  popular  language,  it 
ought  to  produce  a great  quantity  of  cold.  When  vital  li^  is 
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With  boundlefs  fprlng  elaftic  airs  unfold. 

Or  fill  the  fine  vacuities  of  gold ; 

With  hidden  flafh  vitrefcent  fparks  reveal. 

By  fierce  collifion  from  the  flint  and  ftccl ; 230 


united  with  phlogiftic  matter  In  refpiration,  which  feems  to  b« 
a flow  combuftion,  its  volume  is  leflened ; the  carbonic  acid,  and 
perhaps  phofphoric  acid  are  produced;  and  heat  is  given  out; 
which  according  to  the  experiments  of  Dr.  Crawford  would 
feem  to  be  depofited  from  the  vital  air.  But  as  the  vital  air  in 
nitrous  acid  is  condenfed  from  a light  elaflic  gas  to  that  of  a 
heavy  fluid,  it  mu  ft  poflefs  lefs  heat  than  before.  And  hence  a 
great  part  of  the  heat,  which  is  given  out  in  firing  gunpowder, 
I fhould  fuppofe,  muft  refide  in  the  fulphur  or  charcoal. 

Mr.Lavoifier  has  fliewn,  that  vital  air,  or  Oxygene,  lofes 
lefs  of  its  heat  when  it  becomes  one  of  the  component  parts  of 
nitrous  acid,  than  in  any  other  of  its  combinations;  and  is  hence 
capable  of  giving  out  a great  quantity  of  heat  in  tlie  explofion  of 
gunpowder;  but  as  there  feems  to  be  great  analogy  between 
the  matter  of  heat,  or  Calorique,  and  the  ele£lric  matter;  and 
as  the  worft  conduflors  of  eleiflricity  are  believed  to  contain  the 
greateft  quantity  of  that  fluid  ; there  is  reafon  to  fufpetft  that  the 
worft  condudlors  of  heat  may  contain  the  moft  of  that  fluid ; as 
fulphur,  wax,  filk,  air,  glafs.  See  note  on  1,  ij6  of  tliis 
Canto. 

Vitrefcent  fparks.  1.  229.  When  flints  are  ftruck  agamft 
other  flints  they  have  the  property  of  giving  fparks  of  light ; but 
it  feems  to  be  an  internal  light,  perhaps  of  cle»Slric  origin,  very 
different  from  the  ignited  fparks  which  are  ftruck  from  flint  and 
fleel.  The  fparks  produced  by  the  collifion  of  fteel  with  flint 
appear  to  be  globular  particles  of  Iron,  which  have  been  fufed. 
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Or  mark  with  fhining  letters  Kunkel’s  name 
In  the  pale  Phoiphor’s  felf-confuming  flame. 

So  the  chaftc  heart  of  fome  enchanted  Maid 
Shines  "with  inflduous  light,  by  Love  betray’d ; 
Round  her  pale  bofbm  plays  the  young  Defire, 
i^nd  flow  fhe  wafles  by  felf-confuming  fire. 

3-  You  taught  myfterious  Bacon  to  explore 
Metallic  veins,  and  part  the  drofs  from  ore  ; 

W^ith  fylvan  coal  in  whirling  mills  combine  ^3^ 
The  cryflal’d  nitre,  and  the  fulphurous  mine; 
Through  wiry  nets  the  black  difFufion  ftrain. 

And  clofe  an  airy  ocean  in  a grain. — 


and  imperfcaiy  fcorified  or  vitrified.  They  are  kindled  by  the 
heat  produced  by  the  collifion  ; but  their  vivid  light,  and  their 
fufion  and  vitrification  are  the  efFecIs  of  a combuftion  continued 
in  thefe  particles  during  their  paflage  through  the  air.  This 
opinion  is  confirmed  by  an  experiment  of  Mr.Hawkfbee,  who 
found  that  thefe  fparks  could  not  be  produced  in  the  exhaufted 
receiver.  See  Keir’s  Chemical  Di£l.  art.  Iron,  and  art.  Earth 
vitrlfiable. 

The  pale  Phofphor,  1.  232.  See  additional  notes,  No.  X. 

Jad  clofe  an  airy  oceayi.  \.  242.  Gunpowder  is  plainly  de- 
feribed  in  the  works  of  Roger  Bacon  before  the  year  1267.  He 
deferibes  it  in  a curious  manner,  mentioning  the  fulphur  and 
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Pent  in  dark  chambers  of  cylindrlc  brafs. 
Slumbers  in  grim  repofe  the  footy  mafs; 

nitre,  but  conceals  the  charcoal  in  an  anagram.  The  words  are, 
fed  tamen  falls  petrse  /ure  mope  can  ubrCy  ct  fulphuris,  et  fic  fa- 
cies tonitrum,  et  corrufeationem,  11  feias,  artificium.  The 
words  lure  mope  can  ubre  are  an  anagram  of  carbonum  pulvere. 
Biograph.  Britan.  Vol.  I.  Bacon  de  Secretis  Operibus,  Cap. 
XI.  He  adds,  that  he  thinks  by  an  artifice  of  this  kind  Gideon 
defeated  the  Midianites  with  only  three  hundred  men.  Judges, 
Chap.  VII.  Chamb.  Didl.  art.  Gunpowder.  As  Bacon  does 
not  claim  this  as  his  own  invention,  it  is  thought  by  many  to 
have  been  of  much  more  antient  difeovery. 

The  permanently  elallic  fluid  generated  In  the  firing  of  gun- 
powder is  calculated  by  Mr.  Robins  to  be  about  244,  if  the  bulk 
of  the  powder  be  i.  And  that  the  heat  generated  at  the  time 
of  the  explollon  occafions  the  rarefied  air  thus  produced  to  oc- 
cupy about  loco  times  the  fpace  of  the  gunpowder.  This 
preflTure  may  therefore  be  called  equal  to  loco  atmofphercs,  or 
fix  tons  upon  a fquare  inch.  As  the  fuddennefs  of  this  explofion 
muft  contribute  much  to  its  power,  it  would  feem  that  the 
chamber  of  powder,  to  produce  its  greatell:  efFecSl,  Ihould  be 
lighted  in  the  centre  of  it ; which  I believe  is  not  attended  to  in 
the  manufadlure  of  mulkcts  orpiflols,  - ' 

From  the  cheapnefs  with  which  a very  powerful  gunpowder  is 
likely  foon  to  be  nianufailured  from  aerated  marine  acid,  or  from 
a new  method  of  forming  nitrous  acid,  by  means  of  manganefe 
or  other  calciform  ores,  it  may  probably  in  time  be  applied  lo 
move  machinery,  and  fuperfede  the  ufe  of  fleain. . . 

There  is  a bitter  invedtive  in  Don  Quixote  againll  the  in- 
ventors of  gunpowder,  as  it  levels  the  flrong  with  the  weak,  the 
knight  cafed  in  Iteel  with  the  naked  Ihepherd,  thofe  who  havr 
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Lit  by  the  brilliant  fpark,  from  grain  to  grain 
Runs  the  quick  fire  along  the  kindling  train; 

On  the  pain  d ear-drum  burfts  the  fudden  crafh, 
Starts  the  red  flame,  and  Death  purfues  the  flafh.-— 
Fear  s feeble  hand  directs  the  fiery  darts,  ^49 
And  Strength  and  Courage  yield  to  chemic  arts; 
Guilt  with  pale  brow  the  mimic  thunder  owns. 
And  Tyrants  tremble  on  their  blood-flain’d 
thrones. 

VI.  Nymphs!  you  erewhile  on  fimmering 
cauldrons  play’d. 

And  call  d delighted  Savery  to  your  aid  ; 


been  trained  to  the  fword,  with  thofe  who  are  totally  unfkilful 
m theufeoflt;  and  throws  down  all  the  Tplendid  dilVmdtions 
oi  mankind.  Thefe  very  reafons  ought  to  have  been  urged  to 
fiievv,  that  the  difeovery  of  gunpowder  has  been  of  public  utility 
by  weakening  the  Tyranny  of  the  few  over  the  many. 

Delighted  Savery.  1.  254.  The  invention  of  the  fteam-enginc 
for  ralfing  water  by  the  prclTure  of  the  air,  In  confequence  of  the 
' ■condenfation  of  fleam,  is  properly  aferibed  to  Capt.  Saver)' ; a 
plate  and  defcription  of  this  machine  is  given  in  Harris’s  Lexi- 
con Technicum,  art.  Engine.  Though  the  Marquis  of  Wor- 
cefler,  in  hisCentury  of  Inventions,  printed  in  the  year  1663,  had 
deferibed  an  engine  for  raifing  water  by  the  cxplofive  power  of 
ftcam  long  before  Savery’s.  Mr.  Defaguliers  affirms,  that  Savery 
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Bade  round  the  youth  explofive  Steam  afpire. 

In  gathering  clouds,  and  wing’d  the  wave  with 
fire ; , ' ' ' 

Bade  with  cold  ilreams  the  quick  expanfion  flop. 
And  funk  the  immenfe  of  vapour  to  a drop. — - 
PrefiT d by  the  ponderous  air  the  Pifton  falls 
Refifllefs,  Hiding  through  it’  s iron  walls  ; 260 

Quick  moves  the  balanced  beam,  of  giant  birth. 
Wields  his  large  limbs,  and  nodding  (hakes  the  earth. 

bought  up  all  he  could  procure  of  the  books  of  the  Marquis  of 
Worcefter,!  anJ  deftroyed  them,  profeffing  himfelf  then  to  have 
difeovered  the  power  of  lleam  by  accident,  which  feems  to  have 
been  an  unfounded  flander.  Savery  applied  it  to  the  ralfing  of 
water  to  fuppJy  houfes  and  gardens,  but  could  not  accompifh  the 
draining  of  mines  by  it.  Which  was  afterwards  done  by  Mr. 
Newcomen  and  Mr.  John  Cowley  at  Dartmouth,  in  the  year 
1712,  who  added  the  pifton. 

A few  years  ago  Mr.  Matt  of  Glafgow  mucli  improved  this 
machine,  and  with  Mr.  Boulton  of  Birmingham  has  applied  it 
to  a variety  of  purpofes,  fuch  as  railing  water  from  mines,  blow- 
ing bellows  to  fufe  the  ore,  fupplying  towns  with  water,  grind- 
ing corn,  and  many  other  purpofes.  There  is  reafon  to  believe 
it  may  in  time  be  applied  to  the  rowing  of  barges,  and  the  mov- 
ing of  carriages  along  the  road.  As  the  fpecific  levity  of  air  is 
too  great  for  the  fupport  of  great  burdens  by  balloons,  there 
feems  no  probable  method  of  flying  conveniently  but  by  the 
power  of  fleam,  or  fome  other  explollve  material,  which  another 
half  century  may  probably  difeover.  See  additional  notes.  No. 
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‘'The  Giant- Power  from  earth’s  remoteft caves 
Lifts  with  flrong  arm  her  dark  reludlant  waves ; 
Each  cavern’d  rock,  and  hidden  den  explores. 
Drags  her  dark  coals,  and  digs  her  fhining  ores.— 
Next  in  clofe  cells  of  ribbed  oak  confin’d. 

Gale  after  gale.  He  crowds  the  ftruggling  wind; 
The  imprifon’d  ftorms  through  brazen  noftrils  roar. 
Fan  the  white  flame,  and  fufe  the  iparkling  ore. 
Here  high  in  air  the  rifing  flrcam  He  pours  2,ji 
To  clay-built  ciflerns,  or  to  lead-lined  towers ; 
Frefli  through  a thoufand  pipes  the  wave  diflils,* 
And  thlrfl;y  cities  drink  the  exuberant  rills. 

There  the  vafl:  mill-fl:one  with  inebriate  whirl 
On  trembling  floors  his  forceful  fingers  twirl, 
Whofe  flinty  teeth  the  golden  harvcfts  grind, 

Feafl:  without  blood!  and  nourifti  human-kind. 


Feaft  without  blood!  1.  278.  The  benevolence  of  the  great' 
Author  of  all  things  is  greatly  raanifeft  in  the  fum  of  his  works, 
as  Dr.  Balguy  has  well  evinced,  In  his  pamphlet  on  Divine  Be- 
nevolence aflerted,  printed  for  Davis,  1781.  Yet  if  we  may- 
compare  the  parts  of  nature  with  each  other,  there  are  fomc  cir- 
cumftances  ot  her  economy  which  feem  to  contribute  more  to 
the  general  I'cale  of  happinefs  than  others.  Thus  the  nourifli- 
ment  of  animal  bodies  is  derived  from  three  fources:  i . the  milk- 
given  from  the  mother  to  the  offspring ; in  this  excellent  con- 
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Now  his  hard  hands  on  Mona’s  rifted  creft, 
Bofom’d  in  rock,  her  azure  ores  arreft  ; 580 

With  iron  lips  his  rapid  rollers  feize 
The  lengthening  bars,  in  thin  expanfion  fqueeze ; 


trlvance  the  mother  has  pleafure  in  affoiiling  the  fuftenance  to 
the  child,  and  the  child  has  pleafure  in  receiving  it.  2.  Ano- 
ther fource  of  the  food  of  animals  includes  feeds  or  eggs;  in 
thefe  the  embryon  is  in  a torpid  or  infenfible  ftate,  and  there  is 
along  with  it  laid  up  for  its  early  nourifhment  a (lore  of  provi- 
fion,  as  the  fruit  belonging  to  fome  feeds,  and  the  oil  and  ftarch 
belonging  to  others;  when  thefe  are  confunied  by  animals  the 
unfeeling  feed  or  egg  receives  no  pain,  hut  the  animal  receives 
pleafure  which  confumes  it.  Under  this  article  may  be  included 
the  bodies  of  animals  which  die  naturally.  3.  But  the  lafl  me- 
thod of  fupporting  animal  bodies  by  the  deflruflion  of  other  liv- 
ing animals,  as  lions  preying  upon  lambs,  thefe  upon  living  ve- 
getables, and  mankind  upon  them  all,  would  appear  to  be  a lefs 
perfedl  part  of  the  economy  of  nature  than  thofe  before  men- 
tioned, as  contributing  lefs  to  thefum  of  general  happinefs. 


Afona's  rifted  crejl.  1.  270.  Alluding  to  the  very  valuable 
coppcr-mincs  in  the  ifle  of  Anglefey,  the  property  of  the  Earl 
of  Uxbridge. 


U^ith  iron  lips.  1.  281.  Mr.  Boulton  lias  lately  conftrudded, 
at  Soho  near  Birmingham,  a moll  magnificent  apparatus  for 
Coining,  which  has  coll  him  fome  thoufand  pounds ; the  whole 
machinery  is  moved  by  an  improved  ileam-engine,  which  rolls 
the  copper  for  half-pence  finer  than  copper  has  before  been  rolled 
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Dciccnding  fcrcws  with  ponderous  fly-wheels 
wound 

The  tawny  plates,  the  new  medallions  round; 
Hard  dyes  of  flcel  the  cupreous  circles  cramp. 
And  with  quick  fall  his  mafly  hammers  {lamp, 
7'he  Harp,  the  Lily,  and  the  Lion  join. 

And  George  and  BRiTAiNguard  thcflerling  coin. 

‘‘  Soon  fliall  thy  arm,  Unconquer’d  Steam  ! 
afar 

Drag  the  flow  barge,  or  drive  the  rapid  car;  590 
Or  on  wide- waving  wings  expanded  bear 
The  flying-chariot  through  the  fields  of  air. 


for  the  pnrpofe  of  making  money ; it  works  the  cou]X)lrs,  or 
ferew-prefles  for  cutting  out  the  circular  pieces  of  copper;  and 
coins  both  the  faces  and  edges  of  the  money  at  tlic  fame  time, 
with  fuch  fuperior  excellence  and  chcapnefs  of  workmanlhip,  as 
well  as  with  marks  of  fuch  powerful  machinery,  as  mufl  totally 
prevent  clandeftine  imitation,  and  in  confequcncc  fave  many 
lives  from  the  hand  of  the  executioner;  a circumftance  worthy 
the  attention  of  a great  minlfler.  If  a civic  crown  was  given  in 
Rome  for  preferving  the  life  of  one  citizen,  Mr.  Boulton  fliould 
be  covered  with  garlands  of  oak  ! By  this  machinery  four  boys 
of  ten  or  twelve  years  old  are  capable  of  Briklng  thirty  thou- 
fand  guineas  in  an  hour,  and  the  machine  itfclf  keeps  an  uner- 
ring account  of  the  pieces  ftruck. 


Canto  I. 


VEGETATION. 


35 


— Fair  crews  triumphant,  leaning  from  above. 
Shall  wave  their  fluttering  kerchiefs  as  the}^  move; 
Or  warrior-bands  alarm  the  gaping  crowd, 

And  armies  flirink  beneath  the  fhadow)’  cloud. 


""  So  mighty  Hercules  o’er  many  a clime 
Wav’d  hisvafl:  mace  in  Virtue’s  caufe  fublimc. 


So  mighty  Hercules.  1.  297.  The  flory  of  Hercules  feems  of 
great  antiquity,  as  appears  from  the  fimplicity  of  his  drefs  and 
armour,  a lion  s fk.in  and  a club;  and  from  the  nature  of  many 
of  his  exploits,  the  deftruaion  of  wild  beads  and  robbers.  This 
part  of  the  hidory  of  Hercules  feems  to  have  related  to  times  be- 
fore the  invention  of  the  bow  and  arrow,  or  of  fpinning  dax. 
Other  dories  of  Hercules  arc  perhaps  of  later  date,  and  appear  to 
be  allegorical,  as  his  conquering  the  river-god  Achelous,  and 
bringing  Cerberus  up  to  day-rlight ; the  former  might  refer  to 
his  turning  the  couHc  of  a river,  and  draining  a morafs,  and  the 
latter  to  his  expofing  a part  of  the  fuperdition  of  the  times. 
The  drangling  the  lion  and  tearing  his  jaws  afunder,  aredeferib- 
ed  from  a datue  in  the  Mufeum  Floreirtinum,  and  from  an 
antique  gem  ; and  the  grafping  Antcus  to  death  in  his  arms,  ai 
he  lids  him  fiom  the  earth,  is  deferibed  from  another  antient 
cameo.  The  famous  pillars  of  Hercules  have  been  varioudy  ex- 
plained. Pliny  aderts  that  the  natives  of  Spain  and  of  Africa 
believed  that  the  mountains  of  Abyla  and  Calpe,  on  each  fide  of 
the  draits  of  Gibraltar,  were  the  pillars  of  Hercules;  and  that 
they  were  reared  by  the  hands  of  that  god,  and  the  Tea  admitted 

hetween  them.  Plin.  Hid.  Nat.  p.  46.  Edit.  Manut.  Vcnct. 
1609. 
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Unmeafured  flrcngth  with  early  art  combined. 
Awed,  lerved,  protedled,  and  amazed  mankind,— 
Firft  two  dread  Snakes  at  Juno’s  vengeful  nod  3a! 
Climb’d  round  the  cradle  of  the  fleeping  God ; 
Waked  by  the  Ihrllling  hifs,  and  milling  found. 
And  fhrleks  of  fair  attendants  trembling  round. 
Their  gafplng  throats  with  clenching  hands  he 
holds; 

And  Death  untwills  their  convoluted  folds. 

Next  in  red  torrents  from  her  fevenfold  heads 
Fell  Hydra’s  blood  on  Lerna’s  lake  he  llieds ; 


I*f  the  paffage  between  the  two  continents  was  opened  by  an 
earthquake  in  antient  times,  as  this  allegorical  (lory  would  feem 
to  countenance,  there  muft  have  been  an  immenfe  current  of 
water  at  firfl;  run  into  the  Mediterranean  from  the  Atlantic; 
fince  there  is  at  prefent  a flrong  ftream  fets  always  from 
thence  into  the  Mediterranean.  Whatever  maybe  the  caufe, 
which  now  conflantly  operates,  fo  as  to  make  the  furface  of  the 
JVIediterranean  lower  than  that  of  the  Atlantic,  it  muft  have 
kept  it  very  much  lower  before  a paffage  for  the  water  through 
the  ftraits  was  opened.  It  is  probable  before  fuch  an  event  took 
place,  the  coafts  anrl  iflandsof  the  Mediterranean  extended  much 
further  into  that  Tea,  and  were  then  for  a great  extent  of  country 
deftroyed  by  the  floods  occafloned  by  the  new  rife  of  water,  and 
have  fmee  remained  beneath  the  fea.  Might  not  this  give  rife 
to  the  flood  of  Deucalion?  See  note  on  Callia,  Vol,  II,  of  this 

work. 
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Grafps  Achelous  with  refiftlefs  force, 

And  drags  the  roaring  River  to  his  courfe;  310 
Binds  with  loud  bellowing  and  with  hideous  yell 
The  monfter  Bull,  and  threefold  Dog  of  Hell. 

Then,  where  Nemca’s  howling  forefts  wave. 
He  drives  the  Lion  to  his  dufky  cave ; 

Seiz’d  by  the  throat  the  growling  fiend  difarms. 
And  tears  his  gaping  jaws  with  fincwy  arms; 

Lifts  proud  Anteus  from  his  mother-plains. 

And  with  ftrong  grafp  the  ftruggling  Giant  flrains; 
Back  falls  his  fainting  head,  and  clammy  hair, 
Writhe  his  weak  limbs,  and  flits  his  life  in  air  ; — 
By  fteps  reverted  o’er  the  blood-dropp’d  fen  3:31 
He  tracks  huge  Cacus  to  his  murderous  den; 
Where  breathing  flames  through  brazen  lips,  he 
fled, 

And  fhakes  the  rock-roof’d  cavern  o’er  his  head. 

Lafl:  with  wide  arms  the  folid  earth  He 
tears, 

Piles  rock  on  rock,  on  mountain  mountain  rears ; 
Heaves  up  huge  Abyla  on  Afric’s  fand, 

Crowns  with  high  Calpe  Europe’s  faliant  ftrand, 
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Crefts  with  oppoflng  towers  the  fplendid  fcenc. 
And  pours  from  urns  immenfe  the  fea  between. — 
— Loud  o’er  her  whirling  flood  Charybdis  roars. 
Affrighted  Scylla  bellows  round  her  fhores,  332 
Vefuvio  groans  through  all  his  echoing  caves. 

And  Etna  thunders  o’er  the  infurgent  waves.. 

VII.  I.  Nymphs  ! your  fine  hands  ethereal 
floods  amafs 

From  the  "warm  cufhion,  and  the  whirling  glafs ; 


Ethereal  floods  amafs.  1.  335*  theory  of  the  accumula- 

tion of  the  elediric  fluid  by  means  of  the  glafs-globe  and  cufliion 
is  difficult  to  comprehend.  Or.  Franklin  s idea  of  the  pores  of 
the  glafs  being  opened  by  the  fridlion,  and  thence  rendered  ca- 
pable of  attraiSing  more  eleflric  fluid,  which  it  again  parts  with, 
as  the  pores  contratl  again,  feems  analogous  in  fome  mealure  to 
the  heat  produced  by  the  vibration,  or  condenfation  of  bodies,  as 
when  a nail  is  hammered  or  filed  till  it  becomes  hot,  as  mentioned 
in  additional  notes,  No.  VII.  Some  philofophers  have  en- 
deavoured to  account  for  this  phenomenon  by^fuppofing  the 
cxiftence  of  two  eledric  fluids,  which  may  be  called  the  vitreous 
and  refinous  ones,  inftead  of  the  plus  and  minus  of  the  fame 
ether.  But  its  accumulation  on  the  rubbed  glafs  bears  great  ana- 
logy to  its  accumulation  on  the  furfacc  of  the  Leyden  bottle, 
and  cannot  perhaps  be  explained  from  any  known  mechanical 
or  chemical  principle.  See  note  on  Gymnotus,  1.  20Z  of  this 
Canto. 
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Beard  the  bright  cylinder  with  golden  wire, 

And  circumfufe  the  gravitating  fire. 

Cold  from  each  point  cerulean  luftres  gleam. 

Or  fhoot  in  air  the  fcintillating  ftream.  340 
So,  borne  on  brazen  talons,  watch’d  of  old 
The  fleeplefs  dragon  o’er  his  fruits  of  gold  ; 

Bright  beam’d  his  fcales,  his  eye-balls  blazed 
with  ire. 

And  his  wide  noftrils  breath’d  enchanted  fire, 

“ You  bid  gold-leaves,  in  cryftal  lanterns 
held. 

Approach  attrac^led,  and  recede  rcpell’d; 


Cold  from  each  pint.  1.  339.  See  additional  note,  No.  XIII. 

7'ou  h'ld  gold-leaves.  1.  345.  Alluding  to  the  very  fcnfiblc 
elearometer  improved  by  Mr.  Bennet.  It  confifts  of  two  flips 
of  gold-leaf  fufpended  from  a tin  cap  in  a glafs  cylinder,  which 
has  a partial  coating  without,  communicating  with  the  wooden 
pedeftal.  If  a flick  of  fealing  wax  he  rubbed  for  a moment  on  a 
dry  cloth,  and  then  held  in  the  air,  at  the  dlfance  of  tveo  or  three 
feet  from  the  cap  of  this  Inflrument,  the  gold  leaves  feparate, 
fuch  is  Its  aflonifliing  fcnfibility  to  dearie  influence  ! (See  Ben- 
net  on  clearicity,  Johnfon,  Lond.)  The  nerves  of  fenfe  of  ani- 
mal bodies  do  not  feem  to  be  affeacd  by  lefs  quantities  of  lighter 
heat ! 
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While  paper  nymphs  inftindl  with  motion  rife. 
And  dancing  fauns  the  admiring  Sage  furprife. 
Or,  if  on  wax  fome  fearlefs  Beauty  fland,  349 
And  touch  the  fparkling  rod  with  graceful  hand ; 
Through  her  fine  limbs  the  mimic  lightnings  dart. 
And  flames  innocuous  eddy  round  her  heart ; 

O’er  her  fair  brow  the  kindling  luftres  glare, 

Blue  rays  diverging  from  her  brlftling  hair ; 

While  fome  fond  youth  the  kifs  ethereal  fips. 

And  foft  fires  iffue  from  their  meeting  Ups. 

So  round  the  virgin  Saint  in  filver  ftreams 
The  holy  Halo  flioots  it’s  arrowy  beams. 


*Thc  holy  Halo.  1.  358.  I believe  it  is  not  known  wltli  cer- 
tainty at  what  time  the  painters  firft  introduced  the  luminous 
circle  round  the  h.ead  to  import  a Saint  or  holy  perfon.  It  is 
now  become  a part  of  the  fymbolic  language  of  painting,  and  it 
is  much  to  be  wiflied  that  this  kind  of  hieroglyphic  character  was 
more  frequent  in  that  art ; as  it  is  much  wanted  to  render  hif-. 
toric  pi61ures  both  more  intelligible  and  more  fublime  ; and  why 
iliould  not  painting  as  well  as  poetry  exprefs  itfelf  in  a meta- 
phor, or  in  indiflindl  allegory  ? A truly  great  modern  painter 
lately  endeavoured  to  enlarge  the  fphere  of  pi£lorial  language, 
by  putting  a demon  behind  the  pillow  of  a wicked  man  on  his 
death  bed.  Which,  unfortunately  for  the  fcientific  part  of  paint- 
ing, the  cold  criticifm  of  the  prefent  day  has  depreciated  ; and 
thus  barred  perhaps  the  only  road  to  the  further  improvement  in 
this  fcience. 
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“ You  crowd  in  coated  jars  the  denfer  fire, 
Pierce  the  thin  glafs,  and  fufe  the  blazing  wire;  360 
Or  dart  the  red  flalh  through  the  circling  band 
Of  youths  and  timorous  damfcls,  hand  in  hand. 
— Starts  the  quick  Ether  through  the  fibre  trains 
Of  dancing  arteries,  and  of  tingling  v^ins. 

Goads  each  fine  nerve,  with  new  fenfatibn  thrill’d 
Bends  the  reludlmit  limbs  with  power  unwill’d ; 


IVith  new  fenfation  thrill'd.  K 365.  There  is  probably  a fyf- 
tem  of  nerves  in  animal  bodies  for  tbe  purpofe  of  perceiving 
heat;  fince  the  degree  of  this  fluid  is  fo  neceflary  to  health  that 
we  become  prefently  injured  either  by  its  accefs  or  defecSl ; and 
becaufe  almoft  every  part  of  our  bodies  is  fupplied  with  branches 
from  different  pairs  of  nerves,  which  would  not  feem  neceflfary 
for  their  motion  alone.  It  is  therefore  probable,  that  our  fenfa- 
tion of  cledlriclty  is  only  of  its  violence  in  pafTing  through  our 
fyftem,  by  its  fuddenly  diftending  the  mufclcs,  like  any  other  me- 
chanical violence  ; and  that  it  is  general  pain  alone  that  we  feel, 
and  not  any  fenfation  analogous  to  the  fpccific  quality  of  the  ob- 
je6I.  Nature  may  feem  to  have  been  niggardly  to  mankind  in 
beflovving  upon  them  fo  few  fenfes ; fince  a fenfc  to  have  per- 
ceived eledlricity,  and  another  to  have  perceived  magnetifra, 
might  have  been  of  great  fervice  to  them,  many  ages  before 
thefe  fluids  were  difeovered  by  accidental  experiment ; but  it  is 
poffible  an  increnfed  number  of  fenfes  might  have  incommoded 
us,  by  adding  to  ti;c  fize  of  our  bodies. 
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Paliy’s  cold  hands  the  fierce  concuflion  own, 

And  Life  clingstrcmblingon  her  tottering  throne.— 
So  from  dark  clouds  the  playful  lightning  fprings. 
Rives  the  firm  oak,  or  prints  the  Fairy-rings.  370 

3.  Ntmphs  ! on  that  day  Ye  flied  from  lu- 
cid eyes, 

Celeftial  tears,  and  breathed  ethereal  fighs ! 


IPalfys  cold  hands.  1.  367.  Paralytic  limbs  are  in  general  only 
incapable  of  being  ftimulatcd  into  adion  by  the  power  of  the 
will ; fince  the  pulfe  continues  to  beat  and  the  fluids  to  be  ab- 
forbed  in  them ; and  it  commonly  happens,  when  paralytic  peo- 
ple yawn  and  ftretch  themfelves,  (which  is  not  a voluntary  mo- 
tion,) that  the  afFefled  limb  moves  at  the  fame  time.  The  tempo- 
rary motion  of  a paralytic  limb  is  likewife  caufed  by  pafling  the 
ele£lric  Ihock  through  it ; which  would  feem  to  indicate  fomc 
analogy  between  the  eledric  fluid,  and  the  nervous  fluid,  which 
is  feparated  from  the  blood  by  the  brain,  and  thence  diffufed  along 
the  nerves  for  the  purpofes  of  motion  and  fenfation.  It  probably 
deflroys  life  by  its  fudden  expanfion  of  the  nerves  or  fibres  of  the 
brain,  in  the  fame  manner  as  it  fufes  metals  and  fplinters  wood 
or  (lone,  and  removes  the  atmofphere,  when  it  paflTcs  from  one 
objed  to  another  in  a denfe  (late. 

Prints  the  Fairy-rings.  1.  370,  See  additional  note,  No. 
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When  Richman  rear’d,  by  fearlcfs  hafte  betray’d, 
The  wiry  rod  in  Nieva’s  fatal  fhade; — 

Clouds  o’er  the  Sage  with  fringed  fkirts  fucceed, 
Flafh  follows  flafli,  the  warning  corks  recede ; 
Near  and  more  near  He  ey’d  with  fond  amaze 
The  filver  ftreams,  and  watch’d  the  faphire  blaze; 
Then  burft  the  fteel,  the  dart  eledtric  fped,  379 
And  the  bold  Sage  lay  number’d  with  the  dcadi 
Nymphs  ! on  that  day  Ye  filed  from  lucid  eyes 
Celcftial  tears,  and  breathed  ethereal  fighs  ! 

3.  You  led  your  Franklix  to  your  glazed 
retreats. 

Your  air- built  caflles,  and  your  filken  feats; 


When  Richman  rear  d.  I.373.  Dr.  Richman,  Profeffor  of 
natural  philofophy  at  Peterfburgh,  about  the  year  1763,  elevated 
an  infulated  metallic  rod  to  collefl  the  aerial  eledtricitv,  as  Dt. 
Franklin  had  previoufly  done  at  Philadelphia  ; and  as  he  was  oh- 
ferving  the  repullion  of  the  halls  of  his  eledfrometer  approached 
too  near  the  conductor,  and  receiving  the  lightning  in  his  head 
with  a loud  explofion,  was  ftruck  dead  amidft  his  family. 

Iqu  led  your  Franklin,  h38j.  Dr.  Franklin  w'as  the  firft 
that  difeovered  that  lightning  confided  of  eledffic  matter ; he 
elevated  a tall  rod  with  a wire  wrapped  round  it,  and  fixing  the 
bottom  of  it  into  a glafs  bottle,  and  preferving  it  from  falling  by 
means  of  filk  firings,  he  found  it  cleiSlrified  whenever  a cloud 
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Bade  his  bold  arm  invade  the  lowering  Iky, 

And  feize  the  tiptoe  lightnings,  ere  they  fly; 

O’er  the  young  Sage  your  myflic  mantle  Ipread, 
And  wreath’d  the  crown  eledlric  round  his 
head — 


paffed  over  it,  receiving  fparks  by  his  finger  from  it,  and  charg- 
ing coated  phials.  This  great  difeovery  taught  us  to  defend 
houfes  and  fliips  and  temples  from  lightning,  and  alfo  to  under- 
fiand,  that  people  are  always  perfefily  fafe  in  a room  during  a 
thunder  Jiorm  if  they  keep  themjelves  at  three  or  four  feet  dijiance 
from  the  walls ; for  the  matter  of  lightning,  in  pafling  from  the 
clouds  to  the  earth,  or  from  the  earth  to  the  clouds,  runs  through 
the  walls  of  a houfe,  the  trunk  of  a tree,  or  other  elevated  ob- 
ject ; except  there  be  fome  moifter  body,  as  an  animal,  in  con- 
ta6l  with  them,  or  nearly  fo;  and  in  that  cafe  the  lightning 
leaves  the  wall  or  tree,  and  pafles  through  the  animal ; but  as  it 
can  pafs  through  metals  with  fiill  greater  facility,  it  will  leave 
aurimal  bodies  to  pafs  through  metallic  ones. 

If  a perfon  in  the  open  air  be  furprifed  by  a thunder  ftorm, 
he  will  know  his  danger  by  obfervlng  on  a fccond  watch  the 
time  which  pafles  between  the  fialh  and  the  crack,  and  reckon- 
ing a mile  for  every  four  feconds  and  a half,  and  a little  more.  For 
found  travels  at  the  rate  of  1142  feet  in  a fecond  of  time,  and 
the  velocity  of  light  through  fuch  fmall  diflanccs  is  not  to  be 
eflimated.  In  thefc  circumflances  a perfon  will  be  fafer  by  lying 
down  on  the  ground,  than  erecl,  and  ftill  fafer  if  within  a few 
feet  of  his  horfe;  which  being  then  a more  elevated  animal 
will  receive  the  Ihock  in  preference  as  the  cloud  pafles  over, 
bee  additional  notes,  No.  XIII, 
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Thus  when  on  wanton  wing  intrepid  Love 
Snatch’d  the  raifed  lightning  from  the  arm  of 
Jove  ; 390 

Quick  o’er  his  knee  the  triple  bolt  He  bent, 

The  clufter’d  darts  and  forky  arrows  rent. 

Snapp’d  with  illumin’d  hands  each  flaming  fliaft> 
His  tingling  fingers  Ihook,  and  flamp’d  and  laugh’d; 
Bright  o’er  the  floor  the  fcatter’d  fragments  blaz’d. 
And  Gods  retreating  trembled  as  they  gaz’d ; 

The  immortal  Sire,  indulgent  to  his  child. 

Bow’d  his  ambrofial  locks,  and  Heaven  relenting 
fmilcd. 

VIII.  '‘When  Air’s  pure  efl'ence  joins  the  vital 
flood, 

And  with  phofphorlc  Acid  dyes  the  blood,  400 
Your  ViRGix  trains  the  tranfient  Heat  difpart. 
And  lead  the  foft  combuftion  round  the  heart ; 

Intrepid  Love,  I.389.  This  allegory  is  uncommonly  beauti- 
ful, rcprefenting  Divine  Juftice  as  difarmed  by  Divine  Love, 
and  relenting  of  bis  purpofe.  It  is  expreffed  on  an  agate  in  the 
Great  Duke's  colledlion  at  Florence.  Spence. 

Tranjient  heat  difpart,  I.401.  Dr.  Crawford,  in  his  ingenious 
work  on  animal  heat,  has  endeavoured  to  prove,  diat  during  the 
combination  of  the  pure  part  of  the  atmofphere  with  the  phlo- 
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Life’s  holy  lamp  with  fires  fucceffive  feed. 

From  the  crown’d  forehead  to  the  proftratc 
weed. 

From  Earth’s  proud  realms  to  all  that  fwim  or 
fweep 

The  yielding  ether  or  tumultuous  deep. 


gillie  part  of  the  blood,  much  of  the  matter  of  the  heat  is  given 
out  from  the  air ; and  that  this  is  the  great  and  perpetual  fource 
of  the  heat  of  animals  ; to  which  we  may  add  that  the  phofpho- 
ric  acid  is  probably  produced  by  this  combination ; by  which 
acid  the  colour  of  the  blood  is  changed  in  the  lungs  from  a deep 
crimfon  to  a bright  fcarlet.  There  feems  to  be  however  another 
fource  of  animal  heat,  though  of  a fimilar  nature  ? and  that  this 
is  from  the  chemical  combinations  produced  in  all  the  glands ; 
fince  by  whatever  caufe  any  glandular  fecrction  is  increafed,  as 
by  fridlion  or  topical  inflammation,  the  heat  of  that  part  be- 
comes increafed  at  the  fame  time  ; thus  after  the  hands  have  been 
for  a time  immerfed  in  fnow,  on  coming  into  a warm  room, 
they  become  red  and  hot,  without  any  increafed  pulmonary  ac- 
tion. Besides  this  there  would  feem  to  be  another  material 
received  from  the  air  by  refpiration : which  is  fo  necelTary  to 
life,  that  the  embryon  mull  learn  to  breathe  almoft  within  a mi- 
nute after  its  birth,  or  it  dies.  Tlie  perpetual  neceflfity  of 
breathing  rticws,  that  the  material  thus  acquired  is  perpetually 
confuming  or  cfcaping,  and  on  that  account  requires  perpetual 
renovation.  Perhaps  the  fpirlt  of  animation  itfelf  is  thus  ac- 
quired from  the  atmofphcre,  which  if  it  be  fuppofed  to  be  finer 
or  more  fubtlc  than  the  eleiflric  matter,  could  not  long  be  re- 
tained in  our  bodies,  and  muft  therefore  require  perpetual  reno- 
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You  fwcll  the  bulb  beneath  the  heaving  lawn. 
Brood  the  live  feed,  unfold  the  burfting  fpawn ; 
Nurfe  with  foft  lap,  and  warm  with  fragrant  breath 
The  embryon  panting  in  the  arms  of  Death ; 410 
Youth’s  vivid  eye  with  living  light  adorn, 

And  fire  the  rifmg  blufh  of  Beauty’s  golden  morn. 

^‘Thus  when  the  Egg  of  Night,  on  Chaos  hurl’d, 
Burft,  and  dlfclofed'the  cradle  of  the  world ; 


Tins  when  the  Egg  of  Night.  1.  413.  There  were  two  Cu- 
pids belonging  to  the  antlent  mythology,  one  much  elder  than 
the  other.  1 he  elder  Cupid,  or  Eros,  or  divine  Love,  was  the 
rft  that  came  out  of  the  great  egg  of  night,  which  floated  i,i 
U)aos,  and  was  broken  by  the  horns  of  the  celeftial  bull ; that 
IS,  was  hatched  by  the  warmth  of  the  fpring.  He  was  winged 
and  armed,  and  by  his  arrows  and  torch  pierced  and  vivified  all 
things,  producing  life  and  joy.  Bacon,  Vol.  V.  p.  197.  Qi,arto 
edit.  Lond.  1778.  “At  this  time,  (fays  Ariibphanes,)  fable - 
..  produced  an  egg,  from  whence  fprung  up  like  a 

loflbm  Eros,  the  lovely,  the  dcfirable,  with  his  gloflV  golden 
wings.  Avibus.  Bryant’s  Mythology,  Vol.  II.' p.  350. 
fccond  edition.  This  interefting  moment  of  this  fublime  alic- 
gory  Mrs.  Cofway  has  cliofen  for  her  very  beautiful  painting, 
hhc  has  reprefented  Eros  or  divine  Love  with  large  wings  hav- 
ing t e ftrength  of  the  eagle’s  wings,  and  the  fplendour  of  the 
peacock  s.  with  his  hair  floating  in  the  form  of  flame,  and  with  a 
Halo  of  hght  vapour  round  his  head,  which  Illuminates  the  paint- 
ing; while  he  is  in  the  a^  of  fpringing  forwards,  and  with  Lis 
iiands  feparatmg  the  elements. 
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Firft  from  the  gaping  fliell  refulgent  fprung 
Immortal  Love,  his  bow  celeflial  ftrung; — 
O’er  the  wide  walle  his  gaudy  wings  unfold. 

Beam  his  foft  fmiles,  and  wave  his  curls  of  gold; — 
With  filver  darts  He  pierced  the  kindling  frame. 
And  lit  with  torch  divine  the  ever-living  flame.  420 

IX.  The  Goddess  paufed,  admired  with  con- 

V 

fcious  pride 

The  effulgent  legions  marfhall’d  by  her  fide. 
Forms  fphered  in  fire  with  trembling  light  array  d, 
Ens  without  weight,  and  fubflance  without  fhadc; 
And,  while  tumultuous  joy  her  bofom  warms. 
Weaves  her  white  hand,  and  calls  her  hofls  to  arms. 

“Unite,  ILLUSTRIOUS  Ntmphs!  your  radiant 
powers, 

Call  from  their  long  rcpofe  the  Vernal  Hours. 
Wake  with  foft  touch,  with  rofy  hands  unbind 
The  ftruggling  pinions  of  the  western  Wind; 

Of  the  IVcfcrn  Wind.  I.430.  The  principal  frofts  of  this 
country  are  accompanied  or  produced  by  a N.E.  wind,  and  the 
thaws  by  a S.V/.  wind  j the  reafon  of  which  is  that  the  N.E. 
winds  conhft  of  regions  of  air  brought  from  the  north,  which 
appear  to  acquire  an  eahcrly  dire^lion  as  they  advance.  The 
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Chafe  his  wan  cheeks,  his  ruffled  plumes  repair,  43 1 
And  wring  the  rain-drops  from  his  tangled  hair. 
Blaze  round  each  frofted  rill,  or  ftagnant  wave. 
And  charm  the  Naiad  from  her  filent  cave; 


furface  the  earth  nearer  the  pole  moves  flower  tlian  it  does  in 
our  latitude;  whence  the  regions  of  air  brought  from  thence, 
move  flower,  when  they  arrive  hither,  than  the  earth’s  furfacc 
with  which  they  now  become  in  contatl ; that  is,  they  acquire 
an  apparent  eaflerlydiredlion,  as  the  earth  moves  from  weft  to 
eaft  fafter  than  this  new  part  of  its  atmofphere.  The  S.  W. 
winds  on  the  contrary  confift  of  regions  of  air  brought  from  the 
fouth,  where  the  furface  of  the  earth  moves  fafter  than  in  our 
latitude ; and  have  therefore  a wefterly  diredlion  when  they  ar- 
rive hither  by  their  moving  fafter  than  the  furface  of  the  earth, 
with  which  they  are  in  contafl ; and  in  general  the  nearer  to  the 
weft  and  the  greater  the  velocity  of  thefe  winds  the  warmer  they 
fhould  be  in  refpedl  to  the  feafon  of  the  year,  fmee  they  have 
been  brought  more  expeditioufly  from  the  fouth,  tlian  thofe 
winds  which  have  lefs  wefterly  dire6lion,  and  have  thence  been 
lefs  cooled  in  their  paflage. 

Sometimes  I have  obferved  the  thaw  to  commence  immedi- 
ately on  the  change  of  the  wind,  even  within  an  hour,  if  I am 
Jiot  miftaken,  or  fooner.  At  other  times  the  S.  W.  wind  has 
continued  a day,  or  even  two,  before  the  liiaw  has  commenced; 
during  which  time  fome  of  the  frofty  air,  which  had  gone  fouth- 
wards,  is  driven  back  over  us ; and  in  confequence  has  taken  a 
wefterly  diredion,  as  well  as  a fouthern  one.  At  otlier  times  I 
have  obferved  a froft  with  a N.  E.  wind  every  morning,  and  a 
thaw  with  a S.  W.  wind  every  noon,  for  feveral  days  together. 
See  additional  notes,  No.  XXXIII. 
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Where,  flirined  in  ice,  like  Niobe  fhe  mourns, 
And  clafps  with  hoary  arms  her  empty  urns. 

Call  your  bright  myriads,  trooping  from  afar. 
With  beamy  helms,  and  glittering  lhafts  of  war; 
In  phalanx  firm  the  Fiend  of  Frost  affall. 

Break  his  white  towers,  and  pierce  his  cryftal 
mail ; 44*^ 


The  Fiend  of  Froji.  1.  439.  The  principal  injury  done  to 
vegetation  by  froft  is  from  the  expanfion  of  the  water  contained 
in  the  veflels  of  plants.  Water  converted  into  ice  occupies  a 
greater  fpace  than  it  did  before,  as  appears  by  the  burfting  of 
bottles  filled  with  water  at  the  time  of  their  freezing.  Hence 
froft  deftroys  thofe  plants  of  our  ifland  firft,  which  are  moft 
fucculent ; and  the  moft  fucculent  parts  firft  of  other  plants ; as 
their  leaves  and  laft  year’s  (hoots ; the  veffels  of  which  are  dif- 
tended  and  burft  by  the  expanfion  of  their  freezing  fluids,  while 
the  drier  or  more  refinous  plants,  as  pines,  yews,  laurels,  and 
other  cver-greens,  are  lefs  liable  to  injury  from  cold.  The 
trees  in  vallies  are  on  this  account  more  injured  by  the  vernal 
frofts  than  thofe  on  eminences,  becaufc  their  early  fucculent 
fhoots  come  out  fooner.  Hence  fruit  trees  covered  by  a fix-inch 
coping  of  a wall  are  lefs  injured  by  the  vernal  frofts,  becaufc 
their  being  ftiielded  fiom  (bowers  and  the  defending  night- 
dews  has  prevented  them  from  being  moift  at  the  time  of  then 
being  frozen  ; which  circumftance  has  given  occafion  to  a vul- 
gar error  amongft  gardeners,  who  fuppofe  froft  to  defeend. 

As  the  common  heat  of  the  earth  in  this  climate  is  48  de- 
grees, thofe  tender  trees  which  will  bear  bending  down,  arc 
cafily  fecured  from  the  froft  by  fpreading  them  upon  the  ground, 
and  covering  them  with  draw  or  fern.  This  particularly  fuits 
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To  Zembla’s  moon-bright  coafts  the  Tyrant  bear. 
And  chain  him  howling  to  the  northern  Bear. 

So  when  enormous  Grampus,  ilTuing  forth 
From  the  pale  regions  of  the  icy  North; 

; Waves  his  broad  tail,  and  opes  his  ribbed  mouth. 
And  feeks  on  winnowing  fin  the  breezy  South  ; 
From  towns  defertcd  rufli  the  breathlefs  holbs. 
Swarm  round  the  hills,  and  darken  all  the  coafts 
Boats  follow  boats  along  the  Ihouting  tides. 

And  fpears  and  javelins  pierce  his  blubbery  fides; 
Now  the  bold  Sailor,  raifed  on  pointed  toe,  451 
Whirls  the  wing’d  harpoon  on  the  llimy  foe ; 
Quick  finks  the  monfter  in  his  oozy  bed. 

The  blood-ftain’d  furges  circling  o’er  his  head. 
Steers  to  the  frozen  pole  his  wonted  track. 

And  bears  the  iron  tempefl  on  his  back. 

X.  On  wings  of  flame,  ethereal  Virgins  I 
fweep 

O cr  Earth  s fair  bofom,  and  complacent  deep ; 

fig  trees,  as  they  eafily  bear  bending  to  the  ground,  and  are 
lurnifhed  with  an  acrid  juice,  which  fecures  them  from  the  de- 
predations of  infers ; but  are  neverthelefs  liable  to  be  eaten  by 
mice.  Sec  additional  notes,  No.  XII. 
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Where  dwell  niy  vegetative  realms  benumb’d, 

In  buds  imprlfon’d,  or  in  bulbs  intomb’d,  460 
Pervade,  pellucid  Forms  ! their  cold  retreat, 
Ray  from  bright  urns  your  viewlefs  floods  of  heat ; 

In  buds  Imprlfond.  1.  460.  The  buds  and  bulbs  of  plants 
confUtute  what  is  termed  by  Linnaeus  the  Hybernaculum,  or 
winter  cradle  of  the  embryon  vegetable.  The  buds  arife  from 
the  bark  on  the  branches  of  trees,  and  the  bulbs  from  the  caudex 
of  bulbous-rooted  plants,  or  the  part  from  which  the  fibres  of 
the  root  are  produced:  they  are  defended  from  too  much  moif- 
ture,  and  from  frofts,  and  from  the  depredations  of  infe6ls,  by 
various  contrivances,  as  by  fcales,  hairs,  refinous  varnifhes,  and 
by  acrid  rinds. 

The  buds  of  trees  are  of  two  kinds,  either  flower  buds  or  leaf 
buds;  the  former  of  thefe  produce  their  feeds  and  die;  the  latter 
produce  otlier  leaf  buds  or  flower  buds  and  die.  So  that  all  the 
buds  of  trees  may  be  confidered  as  annual  plants,  having  their 
embryon  produced  during  the  preceding  fummer.  The  fame 
feems  to  happen  with  refpefl  to  bulbs;  thus  a tulip  produces 
annually  one  flower-bearing  bulb,  fometimes  two,  and  feveral 
leaf-bearing  bulbs;  and  then  the  old  root  perifhes.  Next  year 
the  flower-bearing  bulb  produces  feeds  and  other  bulbs  and 
periflies;  while  the  leaf-bearing  bulb,  producing  other  bulbs 
only,  perifhes  likewife ; thefe  circumftances  eflablifh  a 
flri6t  analogy  between  bulbs  and  buds.  See  additional  notes. 
No.  XIV. 

Fiewlefs  floods  of  heat.  1.  462  . The  fluid  matter  of  heat,  or 
calorique,  in  which  all  bodies  are  immerfed,  is  as  neceflary  to 
vegetable  as  to  animal  exiflencc.  It  is  not  yet  determinable 
whether  heat  and  light  be  different  materials,  or  modification?. 
p\'  the  fame  materials,  as  they  have  fomc  properties  in  common. 
Tfic''  appear  to  be  both  of  them  equally  neceflary  to  vegetable. 
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From  earth  s deep  waftes  eleBric  torrents  pour. 
Or  fhed  from  heaven  the  fclntlllating  fhower ; 


health,  fmce  without  light  green  vegetables  become  firft  yellow, 
that  is,  they  lofe  the  blue  colour,  which  contributed  to  produce 
the  green  ; and  afterwards  they  alfo  lofe  the  yellow  and  become 
white ; as  is  feen  in  celery  blanched  or  etiolated  for  the  table  by 
excluding  the  light  from  it. 

The  upper  furface  of  leaves,  which  T fuppofe  to  be  their  organ 
of  refpiration,  feems  to  require  light  as  well  as  air ; fmce  plants 
which  glow  in  windows  on  the  inlide  of  houfes  arc  equally 
fohcitous  to  turn  the  upper  hde  of  their  leaves  to  the  light. 
Vegetables  at  the  fame  time  exfude  or  perfpire  a great  quantity 
from  their  leaves,  as  animals  do  from  their  lungs ; this  perfpirable 
matter  as  it  rifes  from  their  fine  veffels,  (perhaps  much  finer 
than  the  pores  of  animal  fkins,)  is  divided  into  inconceivable 
tenuity ; and  when  a6led  upon  by  the  Sun’s  light  appears  to  be 
decompofed,  the  Hydrogene  becomes  a part  of  the  vegetable, 
compoflng  oils  or  refins;  and  the  Oxygene  combined  with  light 
or  calonque  afeends,  producing  the  pure  part  of  the  atmofpiierc 
or  vital  air.  Hence  during  the  light  of  the  day  vegetables  give 
up  more  pure  air  than  their  refpiration  injures ; but  not  fo  in  the 
night,  even  though  equally  expofed  to  warmth.  This  fmgle 
fa<a  would  feem  to  fhew,  that  light  is  effentially  different  from 
l^at ; and  it  is  perhaps  by  its  combination  with  bodies,  that  their 
combined  or  latent  heat  is  fet  ?t  liberty,  and  becomes  fenfiblc. 
See  additiqnal  notes,  No.  XXX!l\\ 


Ekaric  torrents  pour.  1.  463.  The  influence  of  ekaricity  in 
forwarding  the  germination  of  plants  and  their  growth  feems  to 
Ije  pretty  well  eflablifhed:  though  Mr.  ingenhouzdid  not  fuc- 
cced  m his  experiments,  and  thence  doubts  the  fuccefs  of  thofq 
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Pierce  tlic  dull  root,  relax  its  fibre-trains. 

Thaw  the  thick  blood,  which  lingers  in  its  veins ; 


of  others ; and  though  M.  Rouland  from  his  new  experiments 
believes,  that  neither  pofitive  nor  negative  elc£tricity  increafes 
vegetation  ; both  which  philofophers  had  previoufly  been  fup- 
porters  of  the  contrary  docSlrine  ; for  many  other  naturalifts  have 
fince  repeated  their  experiments  relativ^e  to  this  obje£t,  and  their 
new  refults  have  confirmed  their  former  ones.  Mr.  D’Ormoy 
and  the  two  Rozlers  have  found  the  fame  fuccefs  in  numerous 
experiments  which  they  have  made  in  the  laft  two  years ; and 
Mr.  Carmoy  has  fliewn  in  a convincing  manner  that  eledlricity 
accelerates  germination. 

Mr.  D’Ormoy  not  only  found  various  feeds  to  vetegate  fooner, 
and  to  grow  taller,  which  were  put  upon  his  infulated  table  and 
fupplied  with  elearicity,  but  alfo  that  filk-worms  began  to  fpin 
much  fooner  which  were  kept  electrified  than  thofc  of  the  fame 
hatch  which  were  kept  in  the  fame  place  and  manner,  except 
that  they  were  not  eleClrified.  Thefe  experiments  of  Mr. 
D’Ormoy  are  detailed  at  length  in  the  Journal  de  Phyfique  of 
Rozier,  Tom.  XXXV.  p.  270. 

M.  Bartholon , who  had  before  written  a trad  on  this  fubjeCt, 
and  propofed  ingenious  methods  for  applying  eleCtricity  to  agri- 
culture and  gardening,  has  alfo  repeated  a numerous  fet  of  expe- 
riments ; and  flievvs  both  that  natural  eledricity,  as  well  as  the 
artificial,  increafes  the  growth  of  plants,  and  the  germination  of 
feeds;  and  oppofes  Mr.  Ingenhouz  by  very  numerous  and  con- 
clufive  fads.  lb.  Tom.  XXXV.  p.  40^* 

Since  by  the  late  difeoveries  or  opinions  of  the  Chemifis  there 
is  rcafon  to  believe  that  water  is  decompofed  in  the  veffels  of  ve- 
getables ; and  that  the  Hydiogene  or  inflammable  air,  of 
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Melt  with  warm  breath  the  fragrant  gums,  that  bind 
The  expanding  foliage  in  its  fcaly  rind ; 

And  as  in  air  the  laughing  leaflets  play, 

And  turn  their  Ihining  bofoms  to  the  ray,  470 
Nymphs  ! with  fweet  fmile  each  opening  flower 
invite. 

And  on  its  damalk  eyelids  pour  the  light, 

* 

**  So  fliall  my  pines,  Canadian  wilds  that  fliade, 

, Where  no  bold  ftep  has  pierc’d  the  tangled  glade, 
High-towering  palms,  that  part  the  Southern  flood 
With  fhadowy  ifles  and  continents  of  w’ood. 

Oaks,  whofe  broad  antlers  crefl:  Britannia’s  plain, 
Or  bear  her  thunders  o’er  the  conquer’d  main. 
Shout,  as  you  pafs,  Inhale  the  genial  fkies. 

And  bafk  and  brighten  in  your  beamy  eyes  ; 480 
Bow  their  white  heads,  admire  the  changing  clime. 
Shake  from  their  candied  trunks  the  tinkling  rime ; 

which  it  in  part  confifts,  contributes  to  the  nourifhment  of  the 
plant,  and  to  the  produ6tion  of  its  oils,  refins,  gums,  fugar,  &c. 
and  laftly  as  elediricity  decompofes  water  into  thefe  two  airs  ter- 
med Oxygenc  and  Hydrogene,  there  is  a powerful  analogy  to 
induce  us  to  believe  that  it  accelerates  or  contributes  to  the 
growth  of  vegetation,  and  like  heat  may  poffibly  enter  into  com- 
bination with  many  bodies,  or  form  the  bafes  of  forae  yet 
unanalyzed  acid. 
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With  burftliig  buds  their  wrinkled  barks  adorn. 
And  v/ed  the  timorous  floret  to  her  thorn  ; 

Deep  ftrike  their  roots,  their  lengthening  tops 
revive, 

And  all  my  world  of  foliage  wave,  alive. 

Thus  with  Hermetic  art  the  Adept  combines 
The  royal  acid  with  cobaltic  mines ; 

Marks  with  quick  pen,  in  lines  unfeen  portrayed. 
The  blufliing  mead,  green  dell,  and  dulky  glade 
Shades  with  pellucid  clouds  the  tintlefs  field,  491. 
And  all  the  future  Group  exifts  conceal’d ; 

Till  waked  by  fire  the  dawning  tablet  glows. 
Green  fprings  the  herb,  the  purple  floret  blows. 
Hills,  vales,  and  woods,  in  bright  fuccefiTion  rife. 
And  all  the  living  landfcape  charms  his  eyes. 


Thus  with  Hermetic  art.  1.  487.  The  Tympathetic  inks  made 
by  Zaffie  diffolved  in  the  marine  and  nitrous  acids  have  this 
curious  property,  that  being  brought  to  the  fire  one  of  them  be- 
comes green,  and  the  other  red  ; but  what  is  more  wonderful, 
they  again  lofe  thefe  colours,  (unlefs  the  heat  has  been  too 
great,)  on  their  being  again  vyithdrawn  from  the  fire.  Fire- 
fereens  have  been  thus  painted,  which  in  the  cold  have  fhewn 
only  the  trunk  and  branches  of  a dead  tree,  and  fandy  hills, 
which  on  their  approach  to  the  fire  have  put  forth  green  leaves 
^nd  red  flowers,  and  grafs  up«n  the  mountains.  The  procefs  of 
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XI.  With  creft  of  gold  fhould  fultry  Sirius 
glare, 

And  with  his  kindling  trelTes  fcorch  the  air ; 

With  points  of  flame  the  lhafts  of  Summer  arm. 
And  burn  the  beauties  he  defigns  to  warm  ; — 500 
— So  erfl:  when  Jo  ye  his  oath  extorted  mourn’d. 
And  clad  in  glory  to  the  Fair  return’d ; 

While  Loves  at  forky  bolts  their  torches  light* 
And  reftlng  lightnings  gild  the  car  of  Night ; 

His  blazing  form  the  dazzled  Maid  admir’d. 

Met  with  fond  lips,  and  in  his  arms  expir’d  ; — 
Nymphs  ! on  light  pinion  lead  your  banner’d 
hofts 

High  o’er  the  cliffs  of  Orkney’s  gulfy  coafls; 
Leave  on  your  left  the  red  volcanic  light. 

Which  Hecla  lifts  amid  the  dufky  night;  ^10 


making  thgfe  inks  is  very  eafy  ; take  ZafFre,  as  fold  by  the  drug- 
gifts,  and  digeft  it  in  aqua  regia,  and  the  calx  of  Cobalt  will  be 
diflblved  ; which  folution  muft  be  diluted  with  a little  common 
water,  to  prevent  it  from  making  too  ftrong  an  imprelfion  on  the 
paper ; the  colour  when  the  paper  is  heated  becomes  of  a fine 
green-blue.  If  ZafFre  or  Regulus  of  Cobalt  be  dilFolved  in  the 
lame  manner  in'fpiritof  nitre,  or  aqua  fortis,  a reddifh  colour  is 
produced  on  expofing  the  paper  to  heat.  Chemical  Didlionary 
by  Mr,  Kcir,  Art.  Ink  Sympathetic. 
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Mark  on  the  right  the  Dofrine’s  fnow-captbrow. 
Where  whirling  Maelstrome  roars  and  foams 
below ; 

Watch  with  unmoving  eye,  where  Cepheus  bends 
His  triple  crown,  his  fceptred  hand  extends ; 
Where  ftuds  Cassiope  with  ftars  unknown 
Her  golden  chair,  and  gems  her  fapphlre  zone ; 
Where  with  vaft  convolution  Draco  holds 
The  ecliptic  axis  in  his  fcaly  folds. 

O’er  half  the  fkies  his  neck  enormous  rears,  5^9 
And  with  immenfe  meanders  parts  the  Bears  ; 
Onward,  the  kindred  Bears  with  footftep  rude 
Dance  round  the  Pole,  purfulng  and  purflied. 

There,  in  her  azure  coif  and  ftarry  ftolc, 
GreyTwiLiGHT  fits,  and  rules  theflumberlngPole; 
Bends  the  pale  moon-beams  round  the  fparkling 
coall. 

And  ftrew^s  with  livid  hands  eternal  froft. 

With Jiars  unknown^  1.  515.  Alluding  to  the  ftar  which  ap- 
peared in  the  chair  of  Caffiopea  in  the  year  157^»  which  at  firft 
furpafled  Jupiter  in  magnitude  and  brightnefs,  diminifhed  by 
degrees  and  difappeared  in  18  months;  it  alarmed  all  the  aftro- 
nomers  of  the  age,  and  was  erteemed  a comet  by  fome. 
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There,  Nymphs  ! alight,  array  your  dazzling 
powers. 

With  fudden  march  alarm  the  torpid  Hours ; 

On  ice-built  ifles  expand  a thoufand  fails, 

Hinge  the  ftrong  helms,  and  catch  the  frozen 
gales.  530 


On  ice-built  ijles.  1,  529.  There  are  many  reafons  to  believe, 
from  the  accounts  of  travellers  and  navigators,  that  the  iflands 
of  ice  in  the  higher  northern  latitudes,  as  well  as  the  Glaciers  on 
the  Alps,  continue  perpetually  to  increafe  in  bulk.  At  certain 
times  in  the  ice-mountains  of  Switzerland  there  happen  cracks 
which  have  fhewn  the  great  tliicknefs  of  the  ice,  as  fome  of 
thefe  cracks  have  meafured  three  or  four  hundred  ells  deep.  The 
great  iflands  of  ice  in  the  northern  feas  near  Hudfon’s  bay  have 
been  obferved  to  have  been  immerfed  above  one  hundred  fa- 
thoms beneath  the  furface  of  the  fea,  and  to  have  rifen  a fifth  or 
fixth  part  above  the  furface,  and  to  have  meafured  between  three 
and  four  miles  in  circumference.  Phil.  Tranf.No.  465.  Se<St.  2. 

Dr.  Lifter  endeavoured  to  fhew  that  the  ice  of  fea-water  con- 
tains fome  fait  and  perhaps  lefs  air  than  common  ice,  and  that  it 
is  therefore  much  more  difficult  of  folution;  whence  he  accounts 
for  the  perpetual  and  great  increafe  of  thefe  floating  iflands  of  ice. 
Philof.  Tranf.  No.  169. 

As  by  a famous  experiment  of  Mr.  Boyle’s  it  appears  that  ice 
evaporates  very  faft  in  fevere  frofty  weather  when  the  wind 
blows  upon  it;  and  as  ice  in  a thawing  ftate  is  known  to  con- 
tain fix  times  more  cold  than  water  at  the  fame  degree  of  fenfiblc 
coldnefs,  it  is  eafy  to  underftand  that  winds  blowing  over  iflands 
and  continents  of  ice  perhaps  much  below  nothing  on  Farcn- 
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The  winged  rocks  to  fevcrilli  climates  guide. 
Where  fainting  Zephyrs  pant  upon  the  tide  ; 

heit  s fcale,  and  coming  from  thence  into  our  latitude,  muft 
great  degrees  of  cold  along  with  them.  If  we  add  to  this 
the  quantity  of  cold  produced  by  the  evaporation  of  the  water, 
as  well  as  by  the  folution  of  the  ice,  we  cannot  doubt  but  that 
the  nothern  ice  is  the  principal  fource  of  the  coldnefs  of  our 
winters,  and  that  it  is  brought  hither  bv  the  regions  of  air  blow- 
ing from  the  north,  and  which  take  an  apparent  eallerly  direc- 
tion by  their  coming  to  a part  of  the  furface  of  the  earth  which 
moves  fafter  than  the  latitude  they  come  from.  Hence  the  in- 
creafe  of  the  ice  in  the  polar  regions,  by  increafmg  the  cold  of  our 
climate,  adds  at  the  fame  time  to  the  bulk  of  the  Glaciers  of  Italy 
and  Switzerland. 

If  the  nations  who  Inhabit  this  hemifphcre  of  the  globe,  in- 
Head  of  deftroying  their  feamen  and  exhaufling  their  wealth  in 
unneceflary  wars,  could  be  induced  to  unite  their  labours  to  na- 
vigate thefe  immenfe  maflesof  ice  into  the  more  fouthern  oceans, 
two  great  advantages  would  refult  to  mankind,  the  tropic  coun- 
tiies  would  be  much  cooled  by  their  folution,  and  our  winters 
in  this  latitude  would  be  rendered  much  milder  for  perhaps  a 
century  or  two,  till  the  mafles  of  ice  became  again  enormous. 

Mr.  Bradley  aferibes  the  cold  winds  and  wet  weather  which 
fometimes  happen  in  May  and  June  to  the  folution  of  ice-illands 
accidently  floating  from  the  north.  Treatife  on  Hulbandry 
and  Gardening,  Vol.  II.  p.  437.  And  adds,  that  Mr.  Barham, 
about  the  year  1718,  in  his  voyage  from  Jamaica  to  England,  in 
the  beginning  of  June,  met  with  ice-iflands  coming  from  the 
north,  vvhich  were  furrounded  with  fo  great  a fog  that  the 
fliip  was  in  danger  of  flriking  upon  them,  and  that  one  of  them 
meafured  fixty  miles  in  length. 
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Pafs,  where  to  Ceuta  Calpe  s thunder  roars. 
And  anfwcring  echoes  diake  the  kindred  fhores  ; 
Pafs,  where  with  palmy  plumes  Canary  fmiles, 
And  in  her  filver  girdle  binds  her  ifles; 

Onward,  where  Niger’s  dufky  Naiad  laves 
A thoufand  kingdoms  with  prolific  waves. 

Or  leads  o’er  golden  fands  her  threefold  train 
In  fteamy  channels  to  the  fervid  main ; 54^ 

While  fwarthy  nations  crowed  the  fultry  coaft. 
Drink  the  frefli  breeze,  and  hall  the  floating  Frofb, 
Nymphs  ! veil’d  in  mill;,  the  melting  treafures  fleer. 
And  cool  wdth  ardlic  fnows  the  tropic  year. 


We  have  lately  experienced  an  Inftance  of  icc-iflands  brought 
from  the  Southern  polar  regions,  on  which  the  Guardian  ftruck 
at  the  beginning  of  her  paflage  from  the  Cape  of  Good  Hope  to- 
wards Botany  Bay,  on  December  22,  17S9.  Thefe  illands  were 
involved  in  mill,  were  about  one  hundred  and  fifty  fathoms  long, 
and  about  fifty  fathoms  above  the  furface  of  the  water.  A part 
from  the  top  of  one  of  them  broke  off  and  fell  into  the  fea,  cauf- 
Ing  an  extraordinary  commotion  in  the  water  and  a thick  fmoke 
all  around  it. 

Threefold  train.  1.539*  The  river  Niger  after  traverfing  an 
immenfe  tra6l  of  populous  country  is  fuppofed  to  divide  itfelf 
into  three  other  great  rivers.  The  Rio  Grande,  the  Gambia, 
and  the  Senegal.  Gold-duft  is  obtained  from  the  fands  of  thefe 
rivers.  6 
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So  from  the  burning  Line  by  Monfoon’s  driven. 
Clouds  fail  in  fquadrons  o’er  the  darken’d  heaven ; 
Wide  w^aftes  of  fand  the  gelid  gales  pervade. 

And  ocean  cools  beneath  the  moving  fhade. 

XII.  '^Should  Solstice,  flalking  through  the 
fickcning  bowers,  549 

Suck  the  warm  dew^-drops,  lap  the  falling  Ihowers; 
Kneel  with  parch’d  lip,  and  bending  from  it’s  brink 
From  dripping  palm  the  fcanty  river  drink  ; 
Nymphs!  o’er  the  foil  ten  thoufand  points  ere<fl, 
And  high  in  air  the  ele^flric  flame  collect. 

IFide  wajles  of  fand.  I.  547.  When  the  fun  is  In  the  South- 
ern tropic  35  deg.  diflant  from  the  zenith,  the  thermometer 
is  feldom  lower  than  72  deg.  at  Gondar  in  Abyfllnia,  but  it  falls 
to  60  or  53 deg.  when  the  fun  is  immediately  vertical;  fo  much 
does  the  approach  of  rain  counteract  the  heat  of  the  fun.  Bruce’s 
Travels,  V0I.3,  p.  670. 

*Ten  thoufand  points  ere^.  1.  553.  The  folution  of  water  in  air 
or  in  calorique,  feems  to  acquire  cledtric  matter  at  the  fame  time, 
as  appears  from  an  experiment  of  Mr.  Bennet.  He  put  fomc 
lives  coals  into  an  Infulated  funnel  of  metal,  and  throwing  on 
them  a little  water  obferved  that  the  afeending  fleam  was  elec- 
trifed  plus,  and  the  water  which  defeended  through  the  funnel 
was  cledlrifed  minus.  Hence  it  appears  that  though  clouds  by 
their  change  of  form  may  fometimes  become  cleftrifed  minus, 
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Soon  lhall  dark  mlfts  with  felf-attra£lion  fhroud 
The  blazing  day,  and  fail  in  wilds  of  cloud ; 

Each  filvery  Flower  the  ftreams  aerial  quaff. 

Bow  her  fweet  head,  and  infant  Harveft  laugh. 

**  Thus  when  Elij  A mark’d  from  Carmel’s  brow 
In  bright  expanfe  the  briny  flood  below;  560 
Roll’d  his  red  eyes  amid  the  fcorching  air. 

Smote  his  firm  breafl:,  and  breathed  his  ardent 
prayer; 

High  in  the  midfl:  a maffy  altar  flood. 

And  flaughter’d  offerings  prefs’d  the  piles  of  wood ; 

y«t  they  have  in  general  an  accumulation  of  eledricity.  This 
accumulation  of  eledric  matter  alfo  evidently  contributes  to  fup- 
port  the  atmofpheric  vapour  when  it  is  condenfed  into  the  form 
of  clouds,  becaufe  it  is  feen  to  defcend  rapidly  after  the  flalhes  of 
lightning  have  diminiflied  its  quantity ; whence  there  is  reafon 
to  conclude  that  very  numerous  metallic  rods  with  fine  points 
cre<flcd  high  in  the  air  might  induce  it  at  any  time  to  part  with 
fome  of  its  water. 

If  we  may  truft  the  theory  of  Mr.  Lavoifier,  concerning  the 
compofition  and  decompofition  of  water,  there  would  feeni  ano- 
ther fource  of  thunder  fhowers ; and  that  is,  that  the  two  gaffes 
termed  oxygene  gas  or  vital  air,  and  hydrogene  gas  or  inflamma- 
ble air,  may  exift  in  the  fummer  atmofphcre  in  a ftate  of  mix- 
ture but  not  of  combination,  and  that  the  eledlric  fpark  or  flafli 
of  lightning  may  combine  them  and  produce  water  inftantane- 
oufly. 
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While  Israel’s  chiefs  the  facred  hill  furround, 
And  famifh’d  armies  croud  the  duffcy  ground; 
While  proud  Idolatry  was  leagued  with  dearth. 
And  wither’d  Famine  fwept  the  defert  earth. — 
‘^Oh  ! MIGHTY  Lord  ! thy  woe- worn  fervant 
hear, 

**  Who  calls  thy  name  in  agony  of  prayer ; 570 

“ Thy  fanes  difhonour’d,  and  thy  prophets  flain, 

“ Lo  ! I alone  furvive  of  all  thy  train  !— 

Oh  fend  from  heaven  thy  facred  fire,— and 
‘‘  pour 

O’er  the  parch’d  land  the  falutary  fhower, — 

So  lliall  thy  Priefi:  thy  erring  flock  recal, — 

And  fpeak  in  thunder,  Thou  art  Lord  op 

ALL. 

i 

He  cried,  and  kneeling  on  the  mountaln-fands. 
Stretch’d  high  in  air  his  fupplicating  hands. 

Defcendlng  flames  the  dufky  flirine  illume. 

Fire  the  w et  wood,  the  facred  bull  confume;  5.8a 
Wing’d  from  the  fea  the  gathering  mills  arlfe. 
And  floating  w'aters  darken  all  the  ikies ; 

The  King  with  fliifted  reins  his  chariot  bends, 
And  wide  o’er  earth  the  airy  flood  defeends; 
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With  mingling  cries  dlfpcrfing  hofts  applaud, 

And  fhouting  nations  own  the  living  God.’* 

The  Goddess  ceafed, — the  exulting  tribes  obey, 
Start  from  the  foil,  and  win  their  airy  way ; 

The  vaulted  fkies  with  ftreams  of  tranfient  rays 
Shine  as  they  pafs,  and  earth  and  ocean  blaze. 

So  from  fierce  wars  when  lawlefs  Monarchs  ceafe. 
Or  Liberty  returns  with  laurel’d  Peace  ; 593 

Bright  fly  the  fparks,  the  colour’d  luftres  burn, 
Flafh  follows  flafli,  and  flamc-wing’d  circles  turn  ; 
Blue  ferpents  fweep  along  the  dufl:y  air. 

Imp’d  by  long  trains  of  fclntillating  hair  ; 

Red  rockets  rife,  loud  cracks  are  heard  on  high. 
And  fliowers  of  flars  rufli  headlong  from  the  fky, 
Burft,  as  in  filver  lines  they  hifs  along,  599 

And  the  quick  flafli  unfolds  the  gazing  throng. 
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argument  of  the  second  canto. 


Address  to  the  Gnomes.  I.  The  Earth  thrown  from  a vol- 
cano of  the  Sun  ; it’s  atmofphere  and  ocean ; it’s  journey  through, 
the  zodiac;  viciffitude  of  day-light,  and  of  feafons,  ii.  II.  Pri« 
meval  iflands.  Paradife,  or  the  golden  Age.  Venus  rifing  from 
the  fea,  33.  III.  The  firll  great  earthquakes ; continents  raifed 
from  the  fea ; the  Moon  thrown  from  a volcano,  has  no  atmo- 
fphere, and  is  frozen  ; the  earth’s  diurnal  motion  retarded ; it  s 
axis  more  inclined  ; whirls  with  the  moon  round  a new  centre, 
67.  IV.  Formation  of  lime-flone  by  aqueous  folutlon  ; calca- 
reous fpar ; white  marble ; antient  ftatue  of  Hercules  refting 
from  his  labours.  Anti  nous.  Apollo  of  Belvidere.  Venus  de 
Medici.  Lady  Elizabeth  Fofter,  and  Lady  Melbourn  by  Mrs. 
Darner,  93.  V.  i.  Of  morafles.  Whence  the  produ£lion  of 
Salt  by  elutriation.  Salt-mines  at  Cracow,  ii^-  2.  Produc- 
tion of  nitre.  Mars  and  Venus  caught  by  Vulcan,  143.  3. 

Produdion  of  iron.  Mr.  Michel’s  improvement  of  artificial 
magnets.  Ufes  of  Steel  in  agriculture,  navigation,  war,  183. 
4.  Produdion  of  acids,  whence  Flint,  Sea-fand,  Selenite,  Afbef- 
tus,  Fluor,  Onyx,  Agate,  Mocho,  Opal,  Sapphire,  Ruby,  Dia- 
mond. Jupiter  and  Europa,  215.  VI.  i.  New  fubterraneous 
fires  from  fermentation.  Produdion  of  Clays  ; manufadure  of 
Porcelain  in  China  ; in  Italy  ; in  England.  Mr.  Wedgewood’s 
works  at  Etruria  in  StalFordfhire.  Cameo  of  a Slave  in  Chains  j 
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of  Hope.  Figures  on  the  Portland  or  Barberini  vafe  explained, 
271.  2.  Coal ; Pyrite;  Naphtha;  Jet;  Amber.  Dr.  Frank- 

lin’s difeovery  of  difarming  the  Tempeft  of  it’s  lightning.  Li- 
berty of  America  ; of  Ireland;  of  France,  349.  VII.  Antient 
central  fubterraneous  fires.  Produdlion  of  Tin,  Copper,  Zink, 
Lead,  Mercury,  Platina,  Gold  and  Silver.  Deftruftion  of  Mex- 
ico. Slavery  of  Africa,  395*  VIII.  Deftruflion  of  the  armies 
of  Cambyfes,  431.  IX.  Gnomes  like  ftars  of  an  Orrery.  In- 
roads of  the  Sea  flopped.  Rocks  cultivated.  Hannibal  pafTes  the 
Alps,  499.  X.  Matter  circulates.  Manures  to  Vegetables  like 
Chyle  to  Animals.  Plants  1 ifing  from  the  Earth.  St.  Peter  de- 
livered from  Prifoii,  537.  XL  Tranfmigration  of  Matter.  Death 
and  refufciution  of  Adonis.  Departure  of  the  Gnomes,  565* 
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And  now  the  Goddess  with  attention  fwcct 
Turns  to  the  Gnomes,  that  circle  round  her  feet; 
Orb  within  orb  approach  the  marflial’d  trains. 
And  pigmy  legions  darken  all  the  plains : 

Thrice  fliout  with  filver  tones  the  applauding 
bands. 

Bow,  ere  She  fpeaks,  and  clap  their  fairy  hands. 
So  the  tall  grafs,  when  noon-tide  zephyr  blows. 
Bends  it’s  green  blades  in  undulating  rows ; 

Wide  o’er  the  fields  the  billowy  tumult  fprcads. 
And  ruflling  harvefts  bow  their  golden  heads,  lo 
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I.  Gnomes!  your  bright  forms,  prefiding 
at  her  birth. 

Clung  in  fond  fquadrons  round  the  new-born 
Earth  ; 

When  high  in  ether,  with  explofion  dire. 

From  the  deep  craters  of  his  realms  of  fire. 

The  whirling  Sun  this  ponderous  planet  hurl’d. 
And  gave  the  aftoniih’d  void  another  world. 

When  from  it’s  vaporous  air,  condenfed  by  cold, 
Defcending  torrents  into  oceans  roll’d ; 

t 

From  the  deep  craters.  1.  14.  The  exigence  of  folar  volcanoes 
is  countenanced  by  their  analogy  to  terreftrial,  and  lunar  vol- 
canoes j and  by  the  fpots  on  the  fun  s dilk.,  which  have  been 
fhewn  by  Dr.  Wilfon  to  be  excavations  through  its  luminous 
furface,  and  may  be  fuppofed  to  be  the  cavities  from  whence  the 
planets  and  comets  were  ejecled  by  cxpldions.  See  additional 
notes,  No.  XV.  on  folar  volcanoes. 

JVhen  fom  its  vaporous  air.  1.  17.  If  the  nucleus  of  the 
earth  was  thrown  out  from  the  iun  by  an  explofion  along  with 
as  large  a quantity  ot  furroundlng  hot  vapour  as  its  attraflion 
would  occahon  to  accompany  it,  the  ponderous  femi-fiuid  nu- 
cleus would  take  a fpherical  form  from  the  attradion  of  its  own 
parts,  which  would  become  an  oblate  fpherlod,  from  its  diurnal 
revolution.  As  the  vapour  cooled,  the  water  would  be  precipi- 
tated, and  an  ocean  would  furround  the  fpherical  nucleus  with  a 
fuperincumbent  atmofphere.  The  nucleus  of  folar  lava  would 
ilkewlfe  become  harder  as  it  became  cooler.  To  underftandkow 
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And  fierce  attradion  with  relentlefs  force 
Bent  the  reluctant  w^anderer  to  it’s  courfe.  20 

Where  yet  the  Bull  with  diamond-eye  adorns 
The  Spring’s  fair  forehead,  and  with  golden  horns’; 
Where  yet  the  Lion  climbs  the  ethereal  plain. 
And  fhakes  the  Summer  from  his  radiant  mane ; 
Where  Libra  lifts  her  airy  arm,  and  weighs, 
Poifed  in  her  filver  balance,  nights  and  days ; 
With  paler  luftres  where  Aquarius  burns. 

And  fhowers  the  ftill  fnow  from  his  hoary  urns ; 
Your  ardent  troops  purfued  the  flying  fphere. 
Circling  the  fiarry  girdle  of  the  year  ; 30 

While  fweet  viciflitudes  of  day  and  clime 
Mark’d  the  new  annals  of  enafcent  Time. 

II.  ‘‘You  trod  with  printlefs  ftep  Earth’s  ten- 
der globe. 

While  Ocean  wrap’d  it  in  his  azure  robe ; 


the  ftrata  of  the  earth  were  afterwards  formed  from  the  fediments 
of  this  circumfluent  ocean  the  reader  is  referred  to  an  ingenious 
Treatife  on  the  Theory  of  the  Earth,  by  Mr.  Whitehurft,  who 
was  many  years  a watchmaker  and  engineer  at  Derby,  but  whofe 
ingenuity,  integrity,  and  humanity,  were  rarely  equalled  in  any 
flation  of  life. 

While  Ocean  wrap^d.  1.  34*  additional  notes.  No.  X\  I. 
on  the  produdlion  of  calcareous  earth, 
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Beneath  Ills  waves  her  hardening  flrata  fpread, 
Haifcd  her  Primeval  Islands  from  his  bed. 


He}  hardening  JJrata  fpread.  1.  35*  The  granite  or  moor- 
Aone,  or  porphyry,  conAitute  the  oldeil:  part  of  the  globe,  fince 
the  llme-Aone,  (hells,  coralloids,  and  other  fea-produ6Iions  reft 
upon  them  ; and  upon  thefc  fea-produ6lions  are  found  clay,  iron, 
coal,  fait,  and  filiceous  (and  or  grit-Aone.  Thus  there  feem  to 
be  three  dlvifions  of  the  globe,  diAindfly  marked  ; the  ArA  I fup- 
pofe  to  have  been  the  original  nucleus  of  the  earth,  or  lava  pro- 
jc6(ed  from  the  fun  ; 2.  over  this  lie  the  recrements  ot  animal 
and  vegetable  matter  produced  in  tlie  ocean;  and,  3.  over  thefe 
t:ie  recrements  of  animal  and  vegetable  matter  produced  upon 
the  land.  Befides  thefe  there  are  bodies  which  owe  their  origin 
to  a combination  of  thole  already  mentioned,  as  filiceous  fand, 
fluor,  alabaAer;  which  feem  to  have  derived  their  acids  origi- 
nally from  the  vegetable  kingdom,  and  their  earthy^  bafes 
from  fea-produ6lions.  See  additional  notes,  No.  XVI.  on  cal- 
caieous  earth. 

Raifed  her  primeval  ijlands.  1.  36.  The  nucleus  of  the  earth, 
Aill  covered  with  water,  received  perpetual  increafe  by  the  im- 
menfe  quantities  of  Aiells  and  coralloids  either  annually  produced 
and  rclinquiAied,  or  left  after  the  death  of  the  animals.  Thefe 
would  gradually  by  their  different  degrees  of  cohefion  be  fome  of 
them  more  and  others  lefs  removable  by  the  influence  of  folar 
tides,  and  gentle  tropical  breezes,  which  then  muA  have  probably 
extended  from  one  pole  to  the  other  ; for  it  is  fuppofed  the  moon 
was  not  yet  produced,  and  that  no  Aorms  or  unequal  winds  had 
yet  exiAcnce. 

Hence  then  the  primeval  iflands  had  their  gradual  origin,  were 
raifed  but  a few  feet  above  the  level  of  the  fca,  and  were  not  ex- 
polcd  to  the  great  or  fudden  variations  of  heat  and  cold,  as  is  fa 
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Stretch’d  her  wide  lawns,  and  funk  her  winding 
dells, 

And  decked  her  fhores  with  corals, pearls, and  fhells. 


“ O’er  thofe  bleft  iiles  no  ice-crow  n’d  moun- 
tains tower’d. 

No  lightnings  darted,  and  no  tempcfls  lower’d; 
Soft  fell  the  vefper-drops,  condenfed  below,  41 
Or  bent  in  air  the  rain-refrad:ed  bow'. 

Sweet  breathed  the  zephyrs,  juft  perceiv’d  and  loft; 
And  brinelefs  billows  only  kifs’d  the  coaft  ; 


well  explained  in  Mr.  Whitehurft’s  Theory  of  the  Earth,  chap, 
xvi.  Whence  the  paradife  of  the  facred  writers,  and  the  golden 
age  ofthe  profane  ones,  feemstohavehadarcalexifience.  As  there 
can  be  no  rainbow,  when  the  heavens  are  covered  with  clouds, 
becaufe  the  fun-beams  are  then  precluded  from  falling  upon  the 
rain-drops  oppofite  to  the  eye  of  the  fpedtator,  the  rainbow  is  a 
mark  of  gentle  or  partial  fiiowers.  Mr.  Whitehurft  has  endea- 
voured to  fhew  that  the  primitive  iflands  were  only  moiflcned 
by  ncdlurnal  dews  and  not  by  fhowers,  as  occurs  at  this  day  to 
the  Delta  of  Egypt ; and  is  thence  of  opinion,  that  the  rainbow 
had  no  exiftence  till  after  the  produ6lion  of  mountains  and  con- 
tinents. As  the  fait  of  the  fea  has  been  gradually  accumulat- 
ing, being  walhed  down  into  it  from  the  recrements  of  animal 
and  vegetable  bodies,  the  fea  muli  originally  have  been  as  frefli  as 
river  water  ; and  as  it  is  not  yet  faturated  with  fait,  muft  bcconpc 
annually  more  faline,  .See  note  on  1.  117  of  this  Canto. 
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Round  the  bright  zodiac  danced  the  vernal  hours. 
And  Peace,  the  Cherub,  dwelt  in  mortal  bowers! 

So  young  Dione,  nurfed  beneath  the  waves, 
And  rock’d  by  Nereids  in  tlieir  coral  caves. 
Charm’d  the  blue  fifterhood  with  playful  wiles, 
L/ifp’d  her  fweet  tones,  and  tried  her  tender  fmiles. 
Then,  on  her  beryl  throne  by  Tritons  borne,  51 
Bright  rofe  the  Goddefs  like  the  Star  of  Morn; 
When  with  foft  fires  the  milky  dawn  He  leads. 
And  wakes  to  life  and  love  the  laughing  meads; — 
With  rofy  fingers,  as  uncurl’d  they  hung 
Round  her  fair  brow,  her  golden  locks  file  wrung; 
O’er  the  fniooth  furge  on  filver  fandals  flood. 

And  look’d  enchantment  on  the  dazzled  flood. 
The  brlglit  drops  rolling  from  her  lifted  arms. 

In  flow  meanders  wander  o’er  her  charms,  60 


So  young  Dlone.  I.  47.  There  is  an  antlent  gem  reprefent- 
ing  Venus  riiing  out  of  the  ocean  fupported  by  two  Tritons. 
From  the  formality  of  the  defign  it  would  appear  to  be  of  great 
antiquity,  before  tlie  introduction  of  fine  taftc  into  the  world. 
It  is  probable  that  this  beautiful  allegory  was  originally  an  hie- 
roglyphic pic^ture  (before  the  invention  of  letters)  deferiptive  of 
the  formation  of  the  earth  from  the  ocean,  which  feems  to  have 
been  an  opinion  of  many  of  the  mod  antient  philofophers. 
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Seek  round  her  fnowy  neck  their  lucid  track. 
Pearl  her  white  Ihoulders,  gem  her  ivory  back. 
Round  her  fine  wafle  and  fwelling  bofom  fwim. 
And  ftar  with  glittering  brine  each  cryftal  limb. 
— The  immortal  form  enamour’d  Nature  hail’d. 
And  Beauty  blazed  to  heaven  and  earth,  unvail’d. 

III.  You!  who  then,  kindling  after  many  an 

age, 

Saw  with  new  fires  the  firfl  Volcano  rage. 


The  firji  volcano.  1. 68.  As  the  earth  before  the  exiftence  of 
earthquakes  was  nearly  level,  and  the  greateft  part  of  it  covered 
with  fea ; when  the  firft  great  fires  began  deep  in  the  internal 
parts  of  it,  thofe  parts  would  become  much  expanded ; this  ex- 
panfion  would  be  gradually  extended,  as  the  heat  increafed, 
through  the  whole  terraqueous  globe  of  7000  miles  diameter ; 
the  cruft  would  thence  in  many  places  open  into  fiffures,  which 
by  admitting  the  fea  to  flow  in  upon  the  fire,  would  produce  not 
only  a quantity  of  fleam  beyond  calculation  by  its  expanfion, 
but  would  alfo  by  its  decompofition  produce  inflammable  air 
and  vital  air  in  quantities  beyond  conception,  fufficient  to  efteft 
thofe  violent  explofions,  the  veftiges  of  which  all  over  the  world 
excite  our  admiration  and  our  ftudy ; the  difficulty  of  undcr^ 
ftanding  how  fubterraneous  fires  could  exift  without  the  pre- 
fence  of  air  has  difappeared  fince  Dr.  Prieftley’s  difeovery  of  fuch 
great  quantities  of  pure  air  which  conftitute  all  the  acids,  and 
conl'equently  exift  in  all  faline  bodies,  as  fea-falt,  nitre,  lime- 
ftone,  and  in  all  caJeiform  ores,  as  manganefe,  calamy,  ochre. 
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O’er  fmouldering  heaps  of  livid  fulphur  fwell 
At  Earth’s  firm  centre,  and  diftend  her  fhell,  70 
Saw  at  each  opening  cleft  the  furnace  glow. 

And  feas  rufh  headlong  on  the  gulfs  below. — 
Gnomes!  how  you  Ihriek’d!  when  through  the 
troubled  air 

Roar’d  the  fierce  din  of  elemental  w’ar; 

When  rofe  the  continents,  and  funk  the  main. 
And  Earth’s  huge  fphere  exploding  burft  in 
twain. — 

Gnomes  ! how  you  gazed ! when  from  her 
wounded  fide 

Where  now  the  South- Sea  heaves  its  vvafte  of  tide, 

and  other  mineral  fubftanccs.  See  an  Ingenious  treatifc  on 
earthquakes  by  Mr.  Michel,  in  tlie  Philof.  Tranf. 

In  the  firfl  tremendous  ignitions  of  the  globe,  as  the  conti- 
nents were  heaved  up,  the  vallies,  which  now  hold  the  fea,  were 
formed  by  the  earth  fubfiding  into  the  cavities  made  by  the 
rifing  mountains;  as  the  fleam,  which  railed  them  condenfed ; 
which  would  thence  not  have  any  caverns  of  great  extent  re- 
main beneath  them,  as  fome  philofophers  have  imagined.  The 
earthquakes  of  modern  days  are  of  very  fmall  extent  indeed  com- 
pared to  thofe  of  antient  times,  and  are  ingenioufly  compared 
by  M.  De  Luc  to  the  operations  of  a mole-hill,  where  from  a 
fmall  cavity  are  raifed  from  time  to  time  fmall  quantities  of  lava 
or  pumice  flone.  Monthly  Review,  June,  1790. 
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Rofe  on  fvvift  wheels  the  Moon’s  refulgent  car. 
Circling  the  folar  orb,  a fifter-ftar,  8o 

Dimpled  with  vales,  with  Iliining  hills  embofs’d. 
And  roll’d  round  Earth  her  airlefs  realms  of  froft. 

Gnomes!  how  you  trembled  ! with  the 
dreadful  force. 

When  Earth  recoiling  ftagger’d  from  her  courfc ; 


moon's  refulgent  car,  1. 79.  See  additional  notes.  No.  XV. 
on  folar  volcanoes. 

Her  airlefs  realms  of  frof.  I.  83.  If  the  moon  had  no  atmo- 
fphere  at  the  time  of  its  elevation  from  tlie  earth  ; or  if  its  atmo- 
iphere  was  afterwards  floJen  from  it  by  the  earth’s  attradlion  ; the 
water  on  the  moon  would  rife  quickly  into  vapour;  and  the 
cold  produced  by  a certain  quantity  of  this  evaporation  would 
congeal  the  remainder  of  it.  Hence  it  is  not  probable  that  the 
moon  is  at  prefent  inhabited,  but  as  it  feems  to  have  fufFered  and 
to  continue  to  luffer  much  by  volcanoes,  a fufficient  quantity  of 
air  may  in  procefs  of  time  be  generated  to  produce  an  atmo- 
fphere;  which  may  prevent  its  heat  from  fo  eafily  efcaping,  and 
its  water  from  fo  eafily  evaporating,  and  thence  become  iit  for 
the  produflion  of  vegetables  and  animals. 

That  the  moon  poffelTes  little  or  no  atmofphere  is  deduced 
from  the  undiminilhed  luftre  of  the  liars,  at  the  inftant  when 
they  emerge  from  behind  her  difle.  That  the  ocean  of  the 
moon  is  frozen,  is  confirmed  from  there  being  no  appearance  of 
junar  tides;  which,  if  they  exilled,  would  cover  the  part  of  her 
dilk  neareft  the  earth.  See  note  on  Canto  III.  1. 61. 

When  earth  reccirmg  \.Z\,  On  fuppofition  that  the  moon 
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When,  as  her  Line  in  flower  circles  fpun. 

And  her  fliock’d  axis  nodded  from  the  fun. 

With  dreadful  march  the  accumulated  main 
Swept  her  vafl:  wrecks  of  mountain,  vale,  and 
plain; 


was  thrown  from  the  earth  by  the  explofion  of  water  or  the  ge- 
neration of  other  vapours  of  greater  power,  the  remaining  part 
of  the  globe  would  recede  from  its  orbit  in  one  direeSlion  as  the 
moon  receded  in  another,  and  that  in  proportion  to  the  refpec- 
tive  momentum  of  each,  and  would  afterward  revolve  round 
their  common  centre  of  gravity. 

If  the  moon  rofe  from  any  part  of  the  earth  except  exadlly  at 
the  line  or  poles,  the  ftiock  would  tend  to  turn  the  axis  of  the 
earth  out  of  its  previous  diredlion.  And  as  a mafs  of  matter 
riling  from  deep  parts  of  the  globe  would  have  previoufly  ac- 
quired lefs  diurnal  velocity  than  the  earth’s  furface  from  whence 
it  role,  and  would  confequently  fo  much  retard  the  motion  of 
the  earth  round  its  axis. 

# 

When  the  earth  thus  receded  the  Ihock  would  overturn  all 
its  buildings  and  forells,  and  the  water  would  rulh  with  incon- 
ceivable violence  over  its  furface  towards  the  new  fatellite,  from 
two  caufes,  both  by  its  not  at  firit  acquiring  the  velocity  with 
which  the  earth  receded,  and  by  the  attradlicn  of  the  new  moon, 
as  it  leaves  the  earth ; on  thefe  accounts  at  firft  there  would  be 
but  one  tide  till  the  moon  receded  to  a greater  dillance,  and  the 
earth  moving  round  a common  centre  of  gravity  between  them, 
the  water  on  the  fide  fartheft  from  the  moon  would  acquire  a 
centrifugal  force  in  refpe£l  to  this  common  centre  between  it- 
felf  and  the  moon. 
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And,  -while  new  tides  their  Ihoutlng  floods  unite. 
And  hail  their  Queen,  fair  Regent  of  the  night;  90 
Chain’d  to  one  centre  whirl’d  the  kindred  fpheres. 
And  mark’d  with  lunar  cycles  folar  years. 

IV.  ^"Gnomes!  you  then  bade  difTolving 
Shells  diftil 

From  the  loofe  fummits  of  each  fhatter’d  hill. 


D'lJJolving Jhelh  d'lji'il.  1.  93.  The  lime-flone  rocks  have  had 
their  origin  from  fhells  formed  beneath  the  fea,  tlic  foftev  ftrata 
gradually  diffolving  and  filling  up  the  interftices  of  tlie  harder 
ones;  afterwards  when  thefe  accumulations  of  fiiells  were  ele- 
vated above  the  waters  the  upper  firata  became  diflblved  by  the 
adlions  of  the  air  and  dews,  and  filled  up  the  interfiices  beneath, 
producing  folid  rocks  of  difieient  kinds  from  the  coarfe  lime- 
ftones  to  the  fineft  marbles.  V'^hen  thofe  lime-ftones  have  been 
in  fuch  a fituation  that  they  could  form  perfecf  cryfials  they  arc 
called  fpars,  fome  of  which  poflefs  a double  refraaion,  as  ob- 
ferved  by  Sir  Ifaac  Newton.  When  thefe  cryftals  are  jumbled 
together  or  mixed  with  fome  coloui’ing  impurities  it  is  termed 
marble,  if  its  texture  be  equable  and  firm ; if  its  texture  be 
coarfe  and  porous  yet  hard,  it  is  called  lime-fione;  if  its  texture 
be  very  loofe  and  porous  it  is  termed  chalk.  In  fome  rocks  the 
Ihells  remain  almoft  unchanged  and  only  covered,  or  bedded  with 
hme-fione,  which  feems  to  have  been  diffblved  and  funk  down 
amongft  them.  In  others  the  fofter  fliells  and  bones  are  dif- 
folved,  and  only  iharks  teeth  or  harder  echini  have  preferved 
their  form  enveloped  in  the  chalk  or  lime-ftone  ; in  fome  mar- 
bles the  folution  has  been  complete  and  no  vcfiiges  of  fliell  ap- 
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And  fill  with  liquid  chalk  the  mafs  below. 
Whence  fparry  forms  in  dufky  caverns  gleam 
With  borrow’d  light,  and  twice  refrad:  the  beam; 
While  in  white  beds  congealing  rocks  beneath 
Court  the  nice  chiflel,  and  defire  to  breathe. — loo 

Hence  wearied  Hercules  in  marble  rears 
His  languid  limbs,  and  refls  a thoufand  years; 
Still,  as  he  leans,  fhall  young  Antinous  pleafe 
w:^h  carelefs  grace,  and  unafFeded  eafe ; 


, in  the  white-kind  called  ftatuary  by  the  workmen. 
See  addit.  notes,  No.  XVI. 

Hence  tvearied  Hercules,  1.  loi.  Alluding  to  the  celebiated 
Hercules  of  Glyco  refting  after  his  labours ; and  to  the  eafy  atti- 
tude of  Antinous ; the  lofty  ftep  of  the  Apollo  of  Belvidere  ; and 
the  retreating  modefty  of  the  Venus  de  Medici.  Many  ot  the 
defigns  by  Roubiliac  in  Weftminftcr  Abbey  are  uncommonly 
poetical;  the  allegory  ot  Time  and  Fame  contending  for  the 
trophy  of  General  Wade,  which  is  here  alluded  to,  is  beauti- 
fully told ; the  wings  of  Fame  are  ftill  expanded,  and  her  hair  iVill 
fldating  in  tlie  air;  which  not  only  Ihews  that  fire  has  that  mo- 
ment  arrived,  hut  alfo  that  her  force  is  not  yet  expended,  at  the 
fame  time,  that  tlie  old  figure  of  Time  with  his  difordcred  wings 
IS  rather  leaning  backwards  and  yielding  to  her  impulfc,  and 
mufl  apparently  In  another  inftant  be  driven  from  his  attack 
ppon  the  trophy. 
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Onward  with  loftier  ftep  Apollo  fprlng. 

And  launch  the  unerring  arrow  from  the  ftrlng ; 

•4 

In  Beauty’s  bafhful  form,  the  veil  unfurl’d. 

Ideal  Vrnus  win  the  gazing  world. 

Hence  on  Roubiliac’s  tomb  fliall  Fame  fubllme 
Wave  her  triumphant  wings,  and  conquer 
Time;  no 

Long  with  fbft  touch  fliall  DAMER’schilTel  charnti; 
With  grace  delight  us,  and  with  beauty  warm  ; 
Foster’s  fine  form  fhall  hearts  unborn  engage. 
And  Melbourjs’s  fmlle  enchant  another  age. 

V.  Gnomes  ! you  then  taught  tranfiu  ■ / 
dews  to  pafs 

Through  time- fall’ll  woods,  and  root-inwove  morafs 

Fojler  s fine  form.  1.  113.  Alluding  to  the  beautiful  ftatues 
of  I.acly  Elizabeth  Fofler  and  of  Lady  Melbourn  executed  by  the 
honourable  Mrs.  Darner. 

Root-invjove  morafs.  1.  1 16.  The  great  mafs  of  matter  which 
refts  upon  the  lime-done  flrata  of  the  earth,  or  upon  the  granite 
where  the  lime-ftone  ftratum  has  been  removed  by  earthquakes 
or  covered  by  lava,  has  had  its  origin  from  the  recrements  of  ve- 
getables and  of  air-breathing  animals,  as  the  lime-done  had  its 
origin  from  fea-animals.  T'he  whole  habitable  world  was  origi- 
nally covered  with  woods,  till  mankind  formed  themfelvcs  into 
focieties,  and  fubdued  them  by  fire  and  by  deel.  Hence  woods 
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Age  after  age  ; and  with  filtration  fine 
Difpart,  from  earths  and  fulphurs,  the  faline. 

I.  Hence  with  diffufive  Salt  old  Ocean 


His  emerald  fliallows,  and  his  fapphire  deeps.  1 20 


ages,  whence  moraffes  of  immenfe  extent ; and  from  thefe  as 
the  more  foluhle  parts  were  waflied  away  firft,  were  produced 
fea-falt,  nitre,  iion,  and  variety  of  acids,  which  combining  with 
calcareous  matter  were  produ6llve  of  many  foflil  bodies,  as  flint, 
fca-fand,  felenite,  with  the  precious  ftones,  and  perhaps  the  dia- 
mond. See  additional  notes.  No.  XVII. 

Hence  with  diffufive  fait.  1.  119.  Salts  of  various  kinds  are 
produced  from  the  recrements  of  animal  and  vegetable  bodies, 
fuch  as  phofphoric,  ammoniacal,  marine  fait,  and  others ; thefe 
are  walked  from  the  earth  by  rains,  and  carried  dgwn  our  rivers 
into  the  fea  ; they  feem  all  here  to  decompofe  each  other  except 
the  marine  fait,  which  has  therefore  from  the  beginning  of  the 
habitable  world  been  perpetually  accumulating. 

There  is  a town  in  the  immenfe  fair-mines  of  Cracow  in'Po- 
land,  with  a market-place,  a river,  a church,  and  a famous  Hatue, 
(here  fuppofed  to  be  of  Lot’s  wife,)  by  the  mol  ft  or  dry  appear- 
ance of  which  the  fubterranean  inhabitants  are  faid  to  know 
when  the  weather  is  fair  above  ground.  The  galleries  in  thefe 
mines  are  fo  numerous  and  fo  Intricate,  that  workmen  have 
frequently  loft  their  way,  their  lights  having  been  burnt  out, 
and  have  pcriflied  before  they  could  be  found.  Eflais,  See.  par 
M.  Macquart.  And  though  the  arches  of  thefe  difterent  ftorics 


in  uncultivated  countries  have  grown  and  fallen  through  many 
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Oft  in  wide  lakes,  around  their  warmer  brim 
In  hollow  pyramids  the  cryftals  fwim  j 
Or,  fufed  by  earth-born  fires,  in  cubic  blocks 
Shoot  their  white  forms,  and  harden  into  rocks* 

of  galleries  are  boldly  executed,  yet  they  arc  not  dangerous ; as 
they  are  held  together  or  fupported  by  large  mafles  of  timber  of 
a foot  fquare;  and  thefe  vafl;  timbers  remain  perfedlly  found  for 
many  centuries,  while  all  other  pillars,  whether  of  brick,  cement, 
or  fait,  foon  diflblve  or  moulder  away*  Ibid.  Could  the  tim- 
bers over  water-mill  wheels  or  cellars,  be  thus  preferved  by  oc- 
caGonally  foaking  them  with  brine  ? T hefe  immenfe  mafles  of 
lock-falt  feem  to  have  been  produced  by  the  evaporation  of  fea- 
water  in  the  early  periods  of  the  world  by  fubterranean  fires. 
Dr.  Hutton’s  Theory  of  the  Earth.  See  alfo  Theorie  des 
Sources  Salees,  par  M.  Struve.  Hiftoire  de  Sciences de  Laufanne, 
Tom.  II.  This  idea  of  Dr.  Hutton’s  is  confirmed  by  a faft 
mentioned  in  M.  Macquart’s  Eflfais  fur  Mineralogie,  who  found 
a great  quantity  of  foflil  fliells,  principally  bivalves  and  madre- 
pores, in  the  fait- mines  of  VVialiczka  near  Cracow.  During 
the  evaporation  of  the  lakes  of  falt-water,  as  in  artificial  ialt- 
works,  the  fait  begins  to  cryftalize  near  the  edge  where  the 
water  is  fliallovveft,  forming  hollow  inverted  pyramids ; which, 
when  they  become  of  a certain  fize,  fubfide  by  their  gravity  ; if 
urged  by  a ftronger  fire  the  fait  fufes  or  forms  large  cubes ; 
whence  the  fait  fliaped  in  hollow  pyramids,  called  flake-falt,  is 
better  tafted  and  preferves  flcfli  better,  than  the  bafket  or  powder 
fait : becaufe  it  is  made  by  lefs  heat  and  thence  contains  more  of 
the  marine  acid.  The  fea-water  about  our  ifland  contains  from 
about  one  twenty-eighth  to  one  thirtieth  part  of  fea  fait,  and 
about  one  eightieth  of  magnefian  fait.  See  Brownrigg  on  Salt, 
See  note  on  Ocymum,  Vol.  II.  of  this  work. 

G ^ 


84. 


ECONOMY  OF 


Canto  II. 


'‘Thus  cavern’d  round  in  Cracow’s  mighty 
mines, 

With  cryftal  walls  a gorgeous  city  fhines  ; 

Scoop’d  in  the  briny  rock  long  ftreets  extend 
Their  hoary  courfe,  and  glittering  domes  af- 
cend ; 

Down  the  bright  ftecps,  emerging  into  day. 
Impetuous  fountains  burft  their  headlong  way,  130 
O’er  milk-white  vales  in  ivory  channels  fpread. 
And  wondering  feek  their  fubterraneous  bed. 
J^orm’d  in  pellucid  fait  with  chilTcl  nice. 

The  pale  lamp  glimmering  through  the  fculptured 
ice, 

a 

•With  wild  reverted  eyes  fair  Lott  A Hands, 

And  fpreads  to  Heaven,  in  vain,  her  glalTy 
hands ; 

Cold  dews  condenfe  upon  her  pearly  breaH, 

And  the  big  tear  rolls  lucid  down  her  vefi:. 

Far  gleaming  o’er  the  town  tranfparent  fanes 
Rear  their  white  towers,  and  wave  their  golden 
vanes ; 140 

Long  lines  of  luftres  pour  their  trembling  rays. 
And  the  bright  vault  returns  the  mingled 
blaze. 
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3,  “ Hence  orient  Nitre  owes  it  s fparkling 

birth, 

And  with  prifmatic  cryftals  gems  the  earth. 

Hence  orient  Nitre.  1.  143*  is  found  in  Bengal  natu- 

rally cryflallized,  and  is  fwept  by  brooms  from  earths  and  ftones, 
and  thence  called  fweepings  of  nitre.  It  has  lately  been  found 
in  large  quantities  in  a natural  bafon  of  calcareous  earth  at  Mol- 
fetta  in  Italy,  both  in  thin  llrata  between  the  calcareous  beds, 
and  in  cfflorefcences  of  various  beautiful  leafy  and  hairy  forms. 
An  account  of  this  nitre-bed  is  given  by  Mr.  Zimmerman  and 
abridged  in  Rozier’s  Journal  de  Phyfique,  Fevrier,  1790.  This 
acid  appears  to  be  produced  in  all  fituations,  where  animal  and 
vegetable  matters  are  completely  decompoled,  and  which  are  e^^ 
pofed  to  the  adtion  of  the  air,  as  on  the  walls  of  ftables, 
flaughter-houfes ; the  cryftals  are  prifms  furrowed  by 

nal  grooves.  r 

Dr.  Prieftly  difeovered  that  nitrous  air  or  gas  which  he  oby 
tained  by  diffblving  metals  in  nitrous  acid,  would  combinft 
rapidly  with  vital  air,  and  produce  with  it  a true  nitrous  acid ; 
forming  red  clouds  during  the  combination  ; the  two  airs  occupy 
only  the  fpace  before  occupied  by  one  of  them,  and  at  the  lame 
time  heat  is  given  out  from  the  new  combination.  This  dimi- 
nution of  the  bulk  of  a mixture  of  nitrous  gas  and  vital  air.  Dr. 
Prieftly  ingenioufly  ufed  as  a teft  of  the  purity  of  the  latter;  a 
difeoverv  of  the  greateft  importance  in  the  analyfts  of  airs. 

Mr.  Cavendilh  has  fince  demonftrated  that  two  parts  of  vital 
air  or  oxygene,  and  one  part  of  phlogiftic  air  or  azote,  being  long 
expofed  to  eledlric  fhocks,  unite,  and  produce  nitrous  acid. 
Philof.  Tranf.  Vols.  LXXV  and  LXXVIII. 

Azote  is  one  of  the  moft  abundant  elements  in  nature,  and, 
combined  with  calorique  or  heat,  it  forms  azotic  gaz  or  phlogif- 
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O er  tottering  domes  in  filmy  foliage  crawls, 

Or  frofls  with  branching  plumes  the  mouldering 
walls. 

As  WOOS  Azotic  Gas  the  virgin  Air, 

And  veils  in  crlmfon  clouds  the  yielding  Fair, 
Indignant  Fire  the  treacherous  courtfiilp  files. 
Waves  hls  light  wing,  and  mingles  with  the 
fkles,  150 


So  Beauty ^s  Goddess,  warm  with  new  defire. 
Left,  on  her  filyer  wheels,  the  God  of  Fire  ; 

Her  faithlefs  charms  to  fiercer  Mars  refign’d. 
Met  with  fond  lips,  with  wanton  arms  intwin’d, 
— Indignant  Vulcan  eyed  the  parting  Fair, 

And  watch’d  with  jealous  flep  the  guilty  pair; 

tic  air,  and  compofes  two  thirds  of  the  atmofphere  ; and  is  one  of 
the  principal  cornpotent  parts  of  animal  bodies,  and  when  united 
to  vital  air  or  oxvgene  produces  the  nitrous  acid.  Mr.  Lavoi- 
fier  found  that  2T^  parts  by  weight  of  azote,  and  43 § parts  of 
oxvgene  produced  64  parts  of  nitrous  gas,  and  by  the  fuither  ad- 
dition of  36  parts  of  oxygene  nitrous  acid  was  produced.  Traite 
de  Chimie.  When  two  airs  become  united  fo  as  to  produce  an 
une'art'C  liquid  much  calorique  or  heat  is  of  necefiiiy  expelled 
from  the  new  combination,  though  perhaps  nitrous  acid  and 
oxygenated  marine  acid  admit  more  heat  into  their  combinations 
than  other  acids. 
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O’er  his  broad  neck  a wiry  net  he  flung, 

Quick  as  he  fl:rode,  the  tinkling  meflies  rung ; 
Fine  as  the  fpider’s  flimfy  thread  He  wove 
The  immortal  toil  to  lime  illicit  love  j 160 

Steel  were  the  knots,  and  fleel  the  twiflcd  thong, 
King  link’d  in  ring,  Indlflblubly  flrong; 

On  viewlcfs  hooks  along  the  fretted  roof 

r- 

He  hung,  unfeen,  the  Inextricable  woof. — 

— Qi^ick  flart  the  fprings,  the  webs  pellucid  fpread. 

And  lock  the  embracing  Lovers  on  their  bed; 

Fierce  with  loud  taunts  vindictive  Vulcan  fprings, 

« 

Tries  all  the  bolts,  and  tightens  all  the  Airings, 
Shakes  with  inceffant  fliouts  the  bright  abodes. 
Claps  his  rude  hands,  and  calls  the  feAivc 
Gods.—  1 70 

— ^With  fpreading  palms  the  alarmed  Goddefs  tries 
To  veil  her  beauties  from  celeAial  eyes. 

Writhes  her  fair  limbs,  the  llender  ringlets  Arams, 
And  bids  her  Loves  untie  the  obdurate  ehains ; 
Soft  fwells  her  panting  bofom,  as  flie  turns. 

And  her  flufli’d  cheek  with  brighter  bluAics  burns. 
MajeAic  grief  the  Queen  of  Heaven  avows. 

And  chaAe  Minerva  hides  her  helmed  brows ; 
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Attendant  Nymphs  with  bafhful  eyes  afkance 
Steal  of  entangled  Mars  a tranfient  glance  ; i8o 
Surrounding  Gods  the  circling  ned:ar  quaff. 

Gaze  on  the  Fair,  and  envy  as  they  laugh. 

3.  ‘‘He  NCE  dufky  Iron  fleeps  in  dark  abodes. 
And  ferny  foliage  ncfllcs  in  the  nodes ; 


Hence  dufky  Iron.  1.  183.  The  produdlion  of  iron  fiom  ihe 
decompoiilion  of  vegetable  bodies  is  perpetually  prelented  to  our 
view;  the  waters  oozing  from  all  morafles  are  chalybeate,  and 
depofit  their  ochre  on  being  expofed  to  the  air,  the  iron  acquir- 
ing a calciform  ftate  from  its  union  with  oxygene  or  vital  air. 
When  thin  morafles  lie  on  beds  of  gravel  tbe  latter  are  gene- 
rally flained  by  the  filtration  of  fome  of  the  chalybeate  water 
through  them.  This  formation  of  iron  from  vegetable  recre- 
ments is  further  evinced  by  the  fern  leaves  and  other  parts  of 
vegetables,  fo  frequently  found  in  the  centre  of  the  knobs  or 
nodules  of  fome  iron  ores. 

In  fome  of  thefe  nodules  there  is  a nucleus  of  whiter  iron- 
earth  furrounded  by  many  concentric  llrata  of  darker  and  lighter 
iron  earth  alternately.  In  one,  which  now  lies  before  me,  the 
nucleus  is  a prifm  of  a triangulaf  form  with  blunted  angles,  and 
about  half  an  inch  high,  and  an  inch  and  half  broad  ; on  every 
fide  of  this  are  concentric  ftrata  of  fimilar  iron-earth  alternately 
browner  and  lefs  brown ; each  flratum  is  about  a tenth  of  an 
inch  in  thicknefs,  and  there  are  ten  of  them  in  number.  To 
what  known  caufe  can  this  exadlly  regular  diftribution  of  fo 
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Till  with  wide  lungs  the  panting  bellows  blow. 
And  waked  by  fire  the  glittering  torrents  flow ; 

— Quick  whirls  the  wheel,  the  ponderous  ham- 
mer falls, 

Loud  anvils  ring  amid  the  trembling  walls. 
Strokes  follow  flrokes,  the  fparkling  ingot  fliines. 
Flows  the  red  flag,  the  lengthening  bar  refines;  190 

Cold  waves,  immerfed,  the  glowing  mafs  congeal, 

* 

And  turn  to  adamant  the  hiffing  Steel. 


many  earthy  ftrata  of  different  colours  furrounding  the  nucleus 
be  afcribed?  I don’t  know  that  any  mineralogifts  have  at- 
tempted an  explanation  of  this  wonderful  phenomenon.  I fuf- 
pedf  it  is  owing  to  the  polarity  of  the  central  nucleus.  If  iron- 
filings  be  regularly  laid  on  paper  by  means  of  a fmall  ficve,  and 
a magnet  be  placed  underneath,  the  filings  will  difpofe  them- 
felves  in  concentric  curves  with  vacant  intervals  between  them. 
Now  if  thefe  iron-filings  arc  conceived  to  be  fufpended  in  a 
fluid,  whofe  fpecific  gravity  is  fimilar  to  their  own,  and  a mag- 
netic bar  was  introduced  as  an  axis  into  this  fluid,  it  is  eafy  to 
forefee  that  the  iron-filings  would  difpofe  thcmfelves  into  con- 
centric fphercs,  with  intervals  of  the  circumnatant  fluid  between 
them,  exaclly  as  is  feen  in  thefe  nodules  of  iron-earth.  As  all 
the  lavas  confifl  of  one  fourth  of  iron,  (Kirwan’s  Mineral.)  and 
almofl;  all  other  known  bodies,  whether  of  animal  or  vegetable 
origin,  poffefs  more  or  lefs  of  this  property,  may  not  the  diftri- 
bution  of  a great  portion  of  the  globe  of  the  earth  into  ftrata  of 
greater  or  lefs  regularity  be  owing  to  the  polarity  of  the  whole? 

And  turn  to  adamant,  1.  193.  The  circumftances  which 
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**  Laft  Mtchell’s  hands  with  touch  of  potent 
charm 

The  pollfli’d  rods  with  pow’ers  magnetic  arm  ; 


render  iron  more  valuable  to  mankind  than  any  other  metal,  are, 
I.  Its  property  of  being  rendered  hard  to  fo  great  a degree,  and 
thus  conflituting  fuch  excellent  tools.  It  was  the  difeovery  of 
this  property  of  iron,  Ivlr.  Locke  thinks,  that  gave  fuch  pre- 
eminence to  the  European  w'orld  over  the  American  one.  2.  Us 
power  of  being  welded;  that  is,  when  two  pieces  are  made  very 
hot  and  applied  together  by  hammering,  they  unite  completely, 
unlefs  any  icaleot  iron  intervenes;  and  to  prevent  this  it  is  ufual 

for  finiths  to  dip  the  very  hot  bar  in  fand,  a little  of  which  fufes 

; * 

into  fluid  glafs  with  the  fcale  and  is  fqueezed  out  from  between 
the  uniting  parts  by  the  force  of  hammering.  3.  Its  power  of 
acquiring  magnetifm. 

It  is  however  to  be  wiHred  that  gold  or  filver  were  difeovered  in 
as  great  quantity  as  iron,  fmee  ihefe  metals  being  indcfl:ru61ible 
by  e'  pofure  toair,  w ater,  fire,  orany  common  acids,  would  fupply 
wholefomc  veflels  for  cookery,  fo  much  to  he  defired,  and  fo 
cliflRcult  to  obtain,  and  w'ould  form  the  mofl:  light  and  durable 
coverings  for  houfes,  as  well  as  indefliu6\ible  fire  grates,  ovens, 
and  boiling  veflels.  See  additional  notes,  No.  XVII I.  on 
Steel. 

Laft  AfichcH's  hands.  !.  193*  Fbe  difeovery  of  the  magnet 
feems  t©  have  been  in  very  early  times;  it  is  mentioned  by  Plato, 
Lucretius,  Pliny,  and  Galen,  and  is  faid  to  have  taken  its  name 
of  magnes  from  Magnefia,  a fca-port  of  ancient  Lvbia. 

As  every  piece  of  iron  w hich  was  made  magnetical  by  the 
touclr  of  a magnet  became  itLlf  a magnet,  many  attempts  were 
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With  points  diredied  to  the  polar  ftars 
Jn  one  long  line  extend  the  temper’d  bars ; 


made  to  improve  thefe  artificial  magnets,  but  without  much  fuc-. 
cefs  till  Servingdon  Savary,  Efq.  made  them  ot  hardened  fieel 
bars,  which  were  fo  powerful  that  one  of  them  weighing  threo 
pounds  averdupois  would  lift  another  of  the  fame  weight.  Phi- 
lof.Tranf. 

After  this  Dr.  Knight  made  very  furcefsful  experiments  on 
this  fubjedl,  which,  though  he  kept  his  method  fecret,  feems  to 
have  excited  others  to  turn  their  attention  to  magnetifm.  At 
this  time  the  Rev.  Mr.  Michell  invented  an  equally  efficacious 
and  more  expeditious  way  of  making  ftrong  artificial  magnets, 
which  he  publilhed  in  the  end  of  the  year  17505  which  he 
explained  his  method  of  what  he  called  “the  double  touch,’* 
and  which,  fince  Dr.  Knight’s  method  has  been  known,  appears 
to  be  fomewhat  different  from  it. 

This  method  of  rendering  bars  of  hardened  fteel  magnetical 
confilts  in  holding  vertically  two  or  more  magnetic  bars  nearly 
parallel  to  each  other  with  their  oppofite  poles  very  near  each 
other,  (but  neverthelcfs  feparated  to  a fmall  diftance,)  thefe  are 
to  be  Aided  over  a line  of  bars  laid  horizontally  a few  times  back- 
ward and  forward.  See  Michell  on  Magnetifm,  alfo  a detailed 
account  in  Chambers’s  Dictionary. 

What  Mr.  Michell  propofed  by  this  method  was  to  include 
a very  fmall  portion  of  the  horizontal  bars,  intended  to  be  made 
magnetical,  between  the  joint  forces  of  two  or  more  bars  already 
magnetical,  and  by  Aiding  them  from  end  to  end  every  part  of' 
the  line  of  bars  became  fucceffively  included,  and  thus  bars  pof- 
feffed  of  a very  fmall  degree  of  magnetifm  to  begin  with,  would 
in  a few  times  Aiding  backwards  and  forwards  make  the  other 
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Then  thrice  and  thrice  with  fteady  eye  he  guides. 
And  o’er  the  adhefive  train  the  magnet  Aides ; 
The  obedient  Steel  with  living  inftind;  moves. 
And  veers  for  ever  to  the  pole  it  loves.  500 


ones  much  more  magnetical  than  themfclves,  which  are  then 
to  be  taken  up  and  ufed  to  touch  the  former,  whicli  arc  in  fuc- 
ceffion  to  be  laid  down  horizontally  in  a line. 

Their  is  hill  a great  field  remains  for  future  difeoreriesin  mag- 
netifm  both  in  refpetl  to  experiment  and  theory  ; the  latter  con- 
fifts  of  vague  conje6lures,  the  more  j)robable  of  which  are  per- 
haps thofe  of  Epinus,  as  they  affimilate  it  to  eletSlriclty. 

One  conje6lure  I fliall  add,  viz.  that  the  polarity  of  magne- 
tifin  may  be  owing  to  the  eartli’s  rotatory  motion.  If  heat, 
eleiSlricity,  and  magnetifm  are  fuppofed  to  be  fluids  of  different 
gravities,  heat  being  the  heaviefl  of  them,  eledfricitv  the  next 
heavy,  and  magnetifm  tlie  lighteh,  it  is  evident  that  by  the 
quick  revolution  of  the  earth  the  heat  will  .be  accumulated  mofl 
over  the  line,  eleftricity  next  beneath  this,  and  that  the  magne- 
tifm will  be  detruded  to  the  poles  and  axis  of  the  earth,  like  the 
atmofpheres  of  common  air  and  of  inflammable  gas,  as  explain- 
ed in  the  note  on  Canto  I.  1.  123. 

Eledricity  and  heat  will  both  of  them  difplace  magnetifm,  and 
this  fltews  that  they  may  gravitate  on  each  other;  and  hence 
when  too  great  a quantity  of  the  electric  fluid  becomes  accumu- 
lated at  the  poles  by  defeending  fnows,  or  other  unknown  caufes, 
it  may  have  a tendency  to  rife  towards  the  tropics  by  its  centri- 
fugal force,  and  produce  the  northern  lights.  See  additional 
notes,  No,  I, 
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‘‘Hail  adamantine  Steel  I magnetic  Lord  ! 
King  of  the  prow,  the  plowlhare,  and  the  fword! 
True  to  the  pole,  by  thee  the  pilot  guides 
His  fteady  helm  amid  the  ftruggling  tides. 

Braves  with  broad  fail  the  unmeafureable  fea. 
Cleaves  the  dark  air,  and  aflcs  no  ftar  but  Thee. — 
By  thee  the  plowlhare  rends  the  matted  plain. 
Inhumes  in  level  rows  the  living  grain ; 

Intrufive  forefts  quick  the  cultured  ground,  209 
And  Ceres  laughs  with  golden  fillets  crown’d. — 
O’er  reftlefs  realms  when  fcowllng  Difcord  fling’s 
Her  fnakes,  and  loud  the  din  of  battle  ring’s  : 
Expiring  Strength,  and  vanquifh’d  Courage  feel 
Thy  arm  refiftlefs,  adamantine  Steel! 

4.  “ Hence  in  fine  ftreams  difFufive  Acids 
flow. 

Or  wing’d  with  fire  o’er  Earth’s  fair  bofom  blow  ; 


Acids  flow.  1.  215*  The  produdlion  of  marine  acid 
from  decompofing  vegetable  and  animal  matters  with  vital  air, 
and  of  nitrous  acid  from  azote  and  vital  air,  the  former  of  which 
is  united  to  its  bafis  by  means  of  the  exhalations  from  vegetable 
and  animal  matters,  conftitute  an  analogy  which  induces  us  to 
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Tranfmutc  to  glittering  Flints  her  chalky  lands,  .■ 
Or  fink  on  Ocean’s  bed  in  countlefs  Sands. 

Hence  filvcry  Selenite  her  cryftal  moulds, 

And  foft  Afbeftus  fmooths  his  filky  folds ; -220 

Fils  cubic  forms  phofphoric  Fluor  prints^ 

Or  rays  in  fpheres  his  amcthyftine  tints. 


believe  that  many  other  acids  have  either  their  bafis  or  arc  unit- 
ed to  vital  air  by  means  of  lome  part  of  decompofmg  vegetable 
and  animal  matters. 

The  creat  quantities  of  flint  fand,  whether  formed  in  moun- 
tains or  in  the  Tea,  would  appear  to  derive  its  acid  from  the  new 
world,  as  it  is  found  above  the  ftrata  of  lime-ftone  and  granite 
which  conftitute  the  old  world,  and  as  the  earthy  baflsof  flint  is 
probably  calcareous,  a great  part  of  it  feems  to  be  produced  by  a 
conjundlion  of  the  new  and  old  world  ; the  recrements  of  air- 
breathing  animals  and  vegetables  probably  afford  the  acid,  and 
the  (hells  of  marine  animals  the  earthy  bafis,  while  another  part 
may  have  derived  its  calcareous  part  alio  from  the  decompofition 
of  vegetable  and  animal  bodies. 

The  fame  inode  of  rcafoning  feems  applicable  to  the  flliceous 
fioncs  under  various  names,  as  amethyfl,  onyx,  agate,  mochoe, 
opal,  &c.  which  do  not  feem  to  have  undergone  any  procefs  from 
volcanic  fires,  and  as  the(e  floncs  only  diifer  from  flint  by  a 
greater  or  lefs  admixture  of  argillaceous  and  calcareous  earths. 
The  different  proportions  of  which  in  each  kind  of  (tone  may  be 
feen  in  Mr.  Kirwan’s  valuable  Elements  of  Mineralogy.  Sec 
additional  notes,  No.  XIX. 
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Soft  cobweb  clouds  tranfparent  Onyx  fpreads, 
And  playful  Agates  weave  their  colour’d  threads; 
Gay  pictured  Mochoes  glow  with  landfcape-dyes. 
And  changeful  Opals  roll  their  lucid  eyes ; 

Blue  lambent  light  around  the  Sapphire  plays. 

Bright  Rubies  bluih,  and  living  Diamonds  blaze, 

% 

Living  Diamonds  bla’z.e.  1.  228.  Sir  Kaac  Newton  having 
obferved  the  great  power  of  refra6llng  hgiit,  which  the  diamond 
poflefles  above  all  other  cryftallized  or  virtreous  matter,  con- 
je£lured  that  it  was  an  inflammable  body  in  fome  manner  con- 
gealed. Inl'omuch  that  all  the  light  is  refleSled  which  falls  on 
any  of  its  interior  furfaces  at  a greater  angle  of  Incidence  than 
245  degrees;  whereas  an  artificial  gem  ot  glafs  does  not  refledl 
any  light  from  its  hinder  furface,  unlefs  that  furface  is  inclined 
in  an  angle  of  41  deg.  Hence  the  diamond  reflects  half  as 
much  more  light  as  a factitious  gem  in  fimilar  circumftancesi 
to  which  mnft  be  added  its  great  tranfparency,  and  the  excellent 
polilh  it  is  capable  of.  The  diamond  had  neverthelefs  been 
placed  at  the  head  of  cryftals  or  precious  (tones  by  the  mineralo- 
gills,  till  Bergman  ranged  it  of  late  in  tlie  combuftiblc  clafs  of 
bodies,  becaufe  by  the  focus  of  Villette’s  burning  mirror  it  was 
evaporated  bv  a heat  not  much  greater  than  will  melt  filver, 
and  gave  out  light.  Mr.  Hoepfner  however  thinks  the  difper- 
lion  of  the  diamond  by  this  great  heat  Ihould  be  called  a phof- 
phorefeent  evaporation  of  it,  rather  than  a combuftion  ; and 
from  its  other  analogies  o(  cryflallization,  hardnefs,  tranlpa- 
rcncy,  and  place  of  its  nativity,  willies  again  to  replace  it 
amongfl  the  precious  fiones.  Obferv.  lur  la  Phyhque,  par 
Rozier,  Tom.  XXXV.  p.  448.  Sec  new  edition  ol  the  Tranf- 
lation  of  Cronftc-d,  by  De  Cofta. 
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Thus,  for  attra^live  earth,  Inconftant  Jove 
Mafk’d  in  new  lhapes  forfook  his  realms  above. — - 
Firft  her  fweet  eyes  his  Eagle  form  beguiles,  531 
And  Hebe  feeds  him  with  ambrofial  fmlles ; 
Next  the  chang’d  God  a Cygnet’s  down  aifumes. 
And  playful  Led  A fmooths  his  gloffy  plumes; 
Then  glides  a filver  ferpent,  treacherous  gueft  I 
And  fair  Olympia  folds  him  in  her  breaft; 

Now  lows  a milk-white  Bull  on  Afric’s  llrand. 
And  crops  with  dancing  head  the  dalfy’d  land. — • 
With  rofy  wreaths  Europa’s  hand  adorns 
His  fringed  forehead,  and  his  pearly  horns;  540 


Inconjiant  Jove.  1.  229.  The  purer  air  or  ether  in  the  an- 
tient  mythology  was  reprefented  by  Jupiter,  and  the  inferior  air 
by  Juno;  and  the  conjun6lion  of  thefe  deities  was  faid  to  pro- 
duce the  vernal- fliowers,  and  procreate  all  things,  as  is  further 
fpoken  of  in  Canto  III.  1.  204.  It  is  now  difeovered  that  pure 
air,  or  oxygene,  uniting  with  variety  of  bafes,  forms  the  various 
kinds  of  acids;  as  the  vitriolic  acid  from  pure  air  and  fulphur  ; 
the  nitrous  acid  from  pure  air  and  phlogiftic  air,  or  azote  ; and 
carbonic  acid,  (or  fixed  air,)  from  pure  air  and  charcoal.  Some 
of  thefe  affinities  were  perhaps  portrayed  by  the  Magi  of  Egypt, 
who  were  probably  learned  in  chemiftry,  in  their  hieroglyphic 
pidlures  before  the  invention  of  letters,  by  the  loves  of  Jupiter 
with  terreftrial  ladies.  And  thus  phyfically  as  well  as  meta- 
phyfically  might  be  faid  “ Jovis  omnia  plena.” 
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Light  on  his  back  the  fportlve  Damfel  bounds, 
And  pleafed  he  moves  along  the  flowery  grounds ; 
Bears  with  flow  flep  his  beauteous  prize  aloof, 

Dips  in  the  lucid  flood  his  ivory  hoof ; 

Then  wets  his  velvet  knees,  and  wading  laves 
His  filky  fides  amid  the  dimpling  waves. 

While  her  fond  train  wdth  beckoning  hands  de- 
plore, 

Strain  their  blue  eyes,  and  fhrick  along  the  fhore ; 
Beneath  her  robe  file  draws  her  fnow'y  feet. 

And  half- reclining  on  her  ermine  feat,  .250 

Round  his  railed  neck  her  radiant  arms  fhe  throws. 
And  refts  her  fair  cheek  on  his  curled  brows ; 

Her  yellow  trefTes  wave  on  wanton  gales. 

And  bent  in  air  her  azure  mantle  fails. 

— Oriwa  rd  He  moves,  applauding  Cupids  guide, 
And  ikim  on  fliooting  wing  the  Ihining  tide , 
F.nierging  Tritons  leave  their  coral  caves, 

Sound  their  loud  conchs,  and  fmooth  the  circling 
wav  ^3 

Surround  the  timorous  Beauty,  as  fhe  fwims. 

And  gaze  enamour’d  on  her  filver  limbs.  2,60 
iNow  Europe’s  fliadow^y  fliores  with  loud  acclaim. 

Hail  the  fair  finzitive,  and  fliout  her  name; 

VoL.  I.  H 
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Soft  echoes  warble,  whifpering  forefls  nod, 

And  confclous  Nature  owns  the  prefent  God. 
Changed  from  the  Bull,  the  rapturous  God  affumes 
Immortal  youth,  with  glow  celefllal  blooms. 

With  lenient  words  her  virgin  fears  difarms, 

And  clafps  the  yielding  Beauty  in  his  arms ; 
Whence  Kings  and  Heroes  own  illuflrious  birth. 
Guards  of  mankind,  and  demigods  on  earth.  270 

VI.  “ Gnomes  ! as  you  pafs’d  beneath  the 
labouring  foil. 

The  guards  and  guides  of  Nature’s  chemic  toil. 
You  faw,  deep-fepulchred  in  dufky  realms. 
Which  Earth’s  rock-ribbed  ponderous  vault  o’er- 
whelms. 

With  felf-born  fires  the  mafs  fermenting  glow. 
And  flame-wing’d  fulphurs  quit  the  earths  below. 

With  fclf-horn  fires.  1.  275.  After  the  accumulation  of  plains 
and  mountains  on  the  calcareous  rocks  or  granite  which  had 
been  previoufly  raifed  by  volcanic  fires,  a fecond  fet  of  volcanic 
fires  were  produced  by  the  fermentation  of  this  new  mafs,  which 
after  the  falts  or  acids  and  iron  had  been  wafhed  away  in  part 
by  elutriation,  dlffipated  the  fulphurous  parts  which  were  infolu- 
ble  in  water  ; whence  argillaceous  and  filiceous  earths-were  left 
in  fome  places;  in  others,  bitumen  became  fublimed  to  the  upper 
part  of  the  flratum,  producing  coals  of  various  degrees  of  purity. 
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I.  Hence  du6lile  Clays  in  wide  expanfion 

Soft  as  the  Cygnet’s  down,  their  fnow-whlte  bed; 
With  yielding  flakes  fucceflive  forms  reveal. 

And  change  obedient  to  the  whirling  wheel.  580 
Firft  China’s  fons,  with  early  art  elate. 

Form’d  the  gay  tea-pot,  and  the  pidured  plate  ; 
Saw  with  illumin’d  brow  and  dazzled  eyes 
In  the  red  itove  vltrefcent  colours  rife ; 

Speck’d  her  tall  beakers  with  enamcl’d  ftars. 

Her  monfler-jolfes  and  gigantic  jars  ; 

Smear’d  her  huge  dragons  with  metallic  hues. 
With  golden  purples,  and  cobaltic  blues ; 

Bade  on  wide  hills  her  porcelain  caftles  glare. 

And  glazed  Pagodas  tremble  in  the  air.  390 

Etruria  ! next  beneath  thy  magic  hands 
Glides  the  quick  wheel,  the  plailic  clay  expands. 

Hence  dufllle  clays.  1.  277.  See  additional  notes,  No.  XX. 

Saw  with  illumin'd  brow.  1.  283.  No  colour  is  diflinguiih- 
able  in  the  red-hot  kiln  but  the  red  itfelf,  till  the  workman  in- 
troduces a fmall  piece  of  dry  wood,  which  by  producing  a white 
flame  renders  all  the  other  colours  vifible  in  a moment. 

fVlth  golden  purples.  1.  288.  See  additional  notes,  No.  XXI. 
Etruria  I next.  1.  29T.  Etruria  may  pcrliaps  vie  with  China 
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Nerved  with  fine  touch,  thy  fingers  (as  it  turns) 
Mark  the  nice  bounds  of  vafes,  ewers,  and  urns; 

' Round  each  fair  form  in  lines  immortal  trace 
Uncopied  Beauty,  and  ideal  Grace. 

**  Gnomes  ! as  you  now  diffedl  with  hammers 
fine 

The  granite-rock,  the  nodul’d  flint  calcine  ; 

Itfelf  in  the  antiquity  of  its  arts.  The  times  of  its  greatefl:  fplen- 
dour  were  prior  to  the  foundation  of  Rome;  and  the  reign  of 
one  of  its  hell  princes,  Janus,  was  the  oldeft  epoch  the  Romans 
knew.  T he  carlieft  hiftorians  fpeak  of  the  Etrufeans  as  being 
then  of  high  antiquity,  moll  probably  a colony  from  Phoenicia, 
to  wliich  a Pelafgian  colony  acceded,  and  was  united  foon  after 
Deucalion’s  flood.  The  peculiar  cliaraflerof  tlieir  earthen  vafes 
confifls  in  the  admirable  beauty,  flmpllcity,  and  diverfity  of 
forms,  which  continue  the  bed  models  of  tafte  to  the  artifls  of 
the  prefent  times  ; and  in  a fpccies  of  non-vitreous  encauftic 
painting,  which  was  reckoned,  even  in  the  time  of  Pliny, 
among  the  loll  arts  of  antiquity,  but  which  has  lately  been  re- 
covered by  the  ingenuity  and  induflry  of  Mr.  Wedgwood.  It 
is  fuppofed  that  the  principal  manufadlories  were  about  Nola,  at 
the  foot  of  Vefuvius;  for  it  is  in  that  neighbourhood  that  the 
greateft  quantities  of  antique  vafes  have  been  found  ; and  it  is 
faid  that  the  general  tafle  of  the  inhabitants  is  apparently  influ- 
enced by  them  ; infomuch  that  llrangcrs  coming  to  Naples,  are 
commonly  flruck  with  the  diverfity  and  elegance  even  of  the 
inofl  ordinary  vafes  for  common  ufes.  See  D'Hancarville’s 
preliminary  difeourfes  to  the  magnificent  collcdlion  of  Etrufean 
vafes,  publilhed  by  Sir  William  Hamilton. 
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Grind  with  ftrong  arm,  the  circling  chertz  betwixt, 
Your  pure  Ka-o-lins  and  Pe-tun-tfes  mixt ; 300 

O’er  each  red  faggar’s  burning  cave  prcfide. 

The  keen-eyed  Fire-Nymphs  blazing  by  your  fide  ; 
And  pleafed  on  WEDGW'ooDray  your  partial  fmile, 
A new  Etruria  decks  Britannia’s  ifle. — 

Charm’d  by  your  touch,  the  flint  liquefcent  pours, 
Through  finer  ficves,  and  falls  in  whiter  fliowcrs  ; 
Charm’d  by  your  touch,  the  kneaded  clay  refines. 
The  bifeuit  hardens,  the  enamel  fliines  ; 

Each  nicer  mould  a fofter  feature  drinks,  309 
The  bold  Cameo  fpeaks,  the  foft  Intaglio  thinks. 


**  To  call  the  pearly  drops  from  Pity’s  eye, 

Or  ftay  Defpair’s  dlfanlmating  figh. 

Whether,  O Friend  of  art ! the  gem  you  mould 
Kicli  with  new  tafte,  with  antient  virtue  bold  ; 
Form  the  poor  fetter’d  Slave  on  bended  knee 
From  Britain’s  fons  imploring  to  be  free  ; 


Form  the  poor  fetter  d Slave.  1.  315.  Alluding  to  two  camcos 
of  Mr.  Wedgwood’s  manufadluic  ; one  of  a Slave  in  chains,  of 
which  he  diftributed  many  hundreds,  to  excite  the  humane  to 
attend  to  and  to  aflfill:  in  the  abolition  of  the  detcftable  traffic  in 
human  creatures : and  the  other  a cameo  of  Hope  attended  by 
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Or  with  fair  Hope  the  brightening  fcenes  improve, 
And  cheer  the  dreary  waftes  at  Sydney- cove ; 

Or  bid  Mortality  rejoice  and  mourn  319 

O’er  the  fine  forms  on  Portland’s  myftlc  urn. — 

“ Here,  by  fall’n  columns  and  disjoin’d  arcades. 
On  mouldering  flones,  beneath  deciduous  lhades. 
Sits  Humankind  in  hieroglyphic  flate. 

Serious,  and  pondering  on  their  changeful  ftate  ; 
While  with  inverted  torch,  and  fwlmming  eyes. 
Sinks  the  fair  fhade  of  Mortal  Life,  and  dies. 
There  the  pale  Ghost  through  Death’s  wide  por- 
tal bends 

His  timid  feet,  the  dufky  fteep  defcends  : 

With  fmiles  afluafive  Love  Divine  invites,  329 
Guides  on  broad  wing,  with  torch  uplifted  lights  ; 


Peace,  and  Avt,  and  Labour  ; which  was  made  of  clay  from 
Botany  Bay,  to  which  place  he  font  many  of  them  to  fliew  the 
inhabitants  what  their  materials  would  do,  and  to  encourage 
their  induflry.  A print  of  this  latter  medallion  Is  prefixed  to 
Mr.  Stockdalc’s  edition  of  Philip’s  Expedition  to  Botany  Bay, 
with  fome  verfes  which  are  inferred  at  the  end  of  the  additional 
notes. 

Pm  tland's  myjTic  urn,  1.  320.  Sec  additional  notes,  No^  XXII. 
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Immortal  Life,  her  hand  extending,  courts 
The  lingering  form,  his  tottering  ftep  fupports ; 
Leads  on  to  Pluto’s  realms  the  dreary  way, 

And  gives  him  trembling  to  Elyfian  day. 

Beneath,  in  facred  robes  the  Priestess  drefs’d. 

The  coif  clofe-hooded,  and  the  fluttering  vefl:. 
With  pointing  finger  guides  the  Initiate  youth. 
Unweaves  the  many-colour’d  veil  of  Truth, 

Drives  the  profane  from  Myftery’s  bolted  door. 
And  filence  guards  the  Eleufinlan  lore. — 340  . 

Whether,  O Friend  of  Art ! your  gems  derive 
Fine  forms  from  Greece,  and  fabled  Gods  revive ; 
Or  bid  from  modern  life  the  Portrait  breathe. 

And  bind  round  Honour’s  brow  the  laurel  wreath  ; 
Buoyant  fhall  fall,  with  Fame’s  hlftoric  page. 

Each  fair  medallion  o’er  the  wrecks  of  age  ; 

Nor  Time  fhall  mar  ; nor  Steel,  nor  Fire,  nor  Rufl 
Touch  the  hard  polifli  of  the  immortal  huft. 

Fine  forms  from  Greece,  1.  342.  In  real  ftoncs,  or  in  pafte  or 
Ibft-coloured  glafs,  many  pieces  of  exquifite  workmanlhip  were 
produced  by  the  antients.  Baffo- relievos  of  various  fizes  were 
made  in  coarfe  brown  earth  of  one  colour;  but  of  the  improved 
kind  of  two  or  more  colours,  and  of  a true  porcelain  texture, 
none  were  made  by  the  antients,  nor  attempted,  I believe,  by 
the  moderns,  before  thofe  of  Mr.  Wedgwood’s  manufaflory. 
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2.  "Hence  fable  Coal  his  malTycouch  extends, 
And  ftars  of  gold  the  fparkling  Pyrite  blends ; 350 
Hence  dull-eyed  Naphtha  pours  his  pitchy  flrcams. 
And  Jet  uncolour’d  drinks  the  folar  beams. 

Bright  Amber  fhines  on  his  eledric  throne. 

And  adds  ethereal  luftrcs  to  his  own. 

— Led  by  the  phofphor-light,  with  daring  tread 
Immortal  Franklin  fought  the  fiery  bed; 


Hejue fable  Coal,  I.  349,  See  additional  notes,  No,  XXIII. 
on  coal. 

Bright  Amber  Jhlnes.  1.  353.  Coal  has  probably  all  been 
fublimecj  more  or  lefs  from  the  clay,  with  which  it  was  at  firft 
formed  in  decompofing  morafles  ; the  petroleum  fee  ms  to  have 
been  feparated  and  condenfed  again  in  fuperior  ftrata,  and  a Hill 
liner  kind  of  oil,  as  naphtha,  has  probably  had  the  fame  origin. 
Some  of  thefe  liquid  oils  have  again  loft  their  more  volatile 
parts,  and  become  cannel-coal,  afphaltum,  jet,  and  amber,  ac- 
cording to  the  purity  of  the  original  foflil  oil.  Dr.  Prieftly  has 
Ihewn  that  eflential  oils  long  expofed  to  the  atmofphere  abforh 
both  the  vital  and  phlogiftic  part  of  it ; whence  it  is  probable 
their  becoming  folid  may  in  great  meafure  depend,  as  well  as  by 
the  exhalation  of  their  more  volatile  parts.  On  diftillation  with 
volatile  alcali  all  thefe  foflil  oils  are  ftiewn  to  contain  the  acid  of 
amber,  which  evinces  the  identity  of  their  origin.  It  a piece  of 
amber  be  rubbed  it  attraifts  ftravvs  and  hairs,  wliencethe  difeovery 
of  ele6lricity,  and  whence  its  name,  from  eledron  the  Greek 
word  for  amber. 

Immortal  Franklin,  1.  3^5.  See  note  on  Canto  I.  1.  383. 


Ganto  II. 


VEGETATION, 


1^5 

Where  nurfed  in  night,  incumbent  Tcmpeft 
Hirouds 

His  embryon  Thunders  in  circumfluent  clouds, 
Befieged  with  iron  points  their  airy  cell,  359 
And  pierced  the  monfters  flumbering  in  the  fliell. 

So,  borne  on  founding  pinions  to  the  West, 
When  Tyrant-Power  had  built  his  eagle  nefl; ; 
While  from  his  eyry  fliriek’d  the  famifh’d  brood. 
Clenched  their  lliarp  claws,  and  champ’d  their 
beaks  tor  blood, 

Immortal  FraxVKLIN  watch’d  the  callow  crew% 
Andllabb’d  the  flruggling  Vampires,  ere  they  flew. 
— The  patriot-flame  with  quick  contagion  ran. 
Hill  lighted  hill,  and  man  eledrifed  man ; 

Her  heroes  flain  awhile  Columbia  mourn’d. 

And  crowm’d  with  laurels  Liberty  return’d.  370 

The  Warrior,  Liberty,  with  bending  falls 

Helm’d  his  bold  courfc  to  fair  Hibernia’s  vales; — 

Firm  as  he  fteps  along  the  flioutlng  lands, 

Lo ! Truth  and  Virtue  range  their  radiant  bands; 

Sad  Superftltion  wails  her  empire  torn. 

Art  plies  his  oar,  and  Commerce  pours  her  horn. 
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Long  had  the  Giant-form  on  Gallia’s  plains 
Inglorious  flept,  unconfcious  of  his  chains ; 

Round  his  large  limbs  were  wound  a thouflind  firings 
By  the  weak  hands  of  Confeffors  and  Kings;  380 
O’er  his  clofed  eyes  a triple  veil  was  bound. 

And  fleely  rivets  lock’d  him  to  the  ground; 

While  flern  Baflile  with  iron-cage  inthralls 
His  folded  limbs,  and  hems  in  marble  walls, 

— Touch’d  by  the  patriot-flame,  he  rent  amazed 
Theflimfy  bonds,  and  round  and  round  him  gazed; 
Starts  up  from  earth,  above  the  admiring  throng 
Lifts  his  Coloflal  form,  and  towers  along ; 

High  o’er  his  foes  his  hundred  arms  He  rears,  389 
Plow  fhares  his  fwords,  and  pruning  hooks  hisfpears; 

While Jlern  Bafile.  I.383,  “We  defcended  with  great  dif- 
ficulty into  the  dungeons,  whicli  were  made  too  low  for  our 
ftanding  upright;  and  were  fo  dark  that  we  were  obliged  at  noon-» 
day  to  vifit  them  by  the  light  of  a candle.  We  faw  the  hooks 
of  thofc  chains,  by  which  the  prifoners  were  faftened  by  their 
necks  to  the  walls  of  their  cells;  many  of  which  being  below 
the  level  of  the  water  were  in  a confiant  fiate  of  humidity  ; from 
which  iffued  a noxious  vapour,  w'hich  more -than  once  ex- 
tinguiflicd  the  candles.  Since  the  deflrudlion  of  the  building 
many  fubterraneous  cells  have  been  difeovered  under  a piece  of 
ground,  which  feemed  only  a bank  of  folid  earth  before  the 
horrid  fccrets  of  this  prifon-houfe  w'cre  difclofed.  Some  fkclc- 
tons  w’ere  found  in  thefe  recefles  w’ith  irons  fiill  faficned  to  their 
decayed  bones.”  Letters  from  France,  by  II.  M.  Williams,  p.24. 
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Calls  to  the  Good  and  Brave  with  voice,  that  rolls 
Like  Heaven’s  own  thunder  round  the  echoing  poles; 
Gives  to  the  winds  his  banner  broad  unfurl  d, 

And  gathers  in  its  (hade  the  living  world! 

VII.  ‘‘Gnomes;  you  then  taught  Volcanic 
Airs  to  force 

Through  bubbling  Lavas  their  refiftlefs  courfc. 
O’er  the  broad  walls  of  ritted  Granite  climb. 

And  pierce  the  rent  roof  of  incumbent  Lime, 


And  place  the  rent  roof , 1.398.  The  granite  rocks  and  the 
lime-flonc  rocks  have  been  cracked  to  very  great  depths  at  the 
time  they  were  railed  up  by  fubterrancan  fires ; in  thefe  cracks 
are  found  moft  of  the  metallic  ores,  except  iron  and  perhaps 
manganefe,  the  former  of  which  is  generally  found  in  horizon- 
tal ftrata,  and  the  latter  generally  near  the  furface  of  the  earth, 

Philofophers  poflefling  fo  convenient  a tell  for  the  difeovery 
of  iron  by  the  magnet,  have  long  fince  found  it  in  all  vege- 
table and  animal  matters ; and  of  late  Mr.  Schcele  has  difeovered 
the  exiftence  of  manganefe  in  vegetable  alhes.  Scheele,  56  mem. 
Stock.  1774.  Kirwan.  Min.353.  Which  accounts  for  the 
produiSlion  of  it  near  the  furface  of  the  earth,  and  thence  for  its 
calciform  appearance,  or  union  with  vital  air.  Bergman  has 
likewife  fliewn,  that  the  lime-ftones,  which  become  bluilh  or 
dark  coloured  when  calcined,  poflefs  a mixture  of  manganefe, 
and  are  thence  preferable  as  a cement  to  other  kinds  of  lime. 
3.  Bergman,  229.  Which  impregnation  with  manganefe  has 
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Hound  fparry  caves  metallic  luftres  fling, 

And  bear  Phlogifton  on  their  tepid  wing.  400 


probably  been  received  from  the  decompofition  of  fuperincum- 
bent  vegetable  matters. 

Thcfe  cracks  or  perpendicular  caverns  in  the  granite  or  lime-llonc 
pafs  to  unknown  depths ; and  it  is  up  thefe  cliannels  that  I have 
endeavoured  to  Hicw  that  the  Ileam  rifes  which  becomes  after- 
wards condenfed,  and  produces  the  warm  fprlngs  of  this  ifland, 
and  other  parts  of  the  world.  (Sec  note  on  Fucus,  ^'^ol.  II.) 
And  up  thefe  cracks  I fuppofe  ceitaln  vapours  arife,  which 
either  alone,  or  by  meeting  with  fomctliing  defeending  into 
them  from  above,  have  produced  moft  of  the  metals;  and  feve- 
jal  of  the  materials  in  which  they  are  bedded.  T.  bus  the  pon- 
derous earth.  Barytes,  of  Derby fliire,  is  found  in  thefe  cracks, 
and  is  flratified  frequently  with  lead-ore,  and  fiequently  fur- 
rounds  it.  This  ponderous  eartii  has  been  found  by  Dr. 
Tloepfner  in  a granite  in  Switzerland,  and  may  have  thus  been 
fublimed  from  immenfe  depths  by  great  heat,  and  have  ob- 
tained its  carbonic  or  vitriolic  acid  from  above.  Annales  de 
Chimie.  There  is  alfo  reafon  to  conclude  that  fomething  from 
above  is  neceffary  to  the  formation  of  many  of  the  metals : at 
Hawkflone  in  Shropfhire,  the  feat  of  Sir  Richard  Hill,  there  is 
an  elevated  rock  of  filieious  fand  which  is  coloured  green  with 
copper  in  many  places  high  in  the  air;  and  1 have  in  my  poflef- 
fion  a fpecimen  of  lead  formed  in  the  cavity  of  an  iron  nodule, 
and  another  of  lead  amid  fpar  from  a crack  of  a coal-flratum  ; 
all  which  countenance  the  modern  production  of  thole  metals 
from  defeending  materials.  To  which  Ihould  be  added,  that  the 
higheft  mountains  of  granite,  which  have  therefore  probably 
never  been  covered  with  marine  produClions  on  account  of 
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“ Hence  glow,  refulgent  Tin;  thy  cryftal  grains 
And  tawhy  Copper  Ihoots  her  azure  veins ; 

Zinc  lines  his  fretted  vault  with  fable  ore. 

And  dull  Galena  tefTellatcs  the  floor ; 

On  vermil  beds  in  Idria’s  mighty  caves 
The  living  Silver  rolls  its  ponderous  waves ; 

With  gay  refra^lions  bright  Platina  fhines. 

And  finds  with  fquander’d  flars  his  dufky  mines ; 
Long  threads  of  netted  gold,  and  filvery  darts, 
Inlay  the  Lazuli,  and  pierce  the  Quartz; — 410 

their  early  elevation,  nor  with  vegetable  or  animal  matters  on 
account  of  their  great  colclnefs,  contain  no  metallic  ores,  whilll: 
the  lower  ones  contain  copper  and  tin  in  their  cracks  or  veins, 
both  in  Saxony,  Silefia,  and  Cornwall.  Kirwan’s  Mineral. 

P*374* 

The  tranfmutation  of  one  metal  into  another,  though  hitherto 
undifeovered  by  the  alchymifts,  does  not  appear  impoflible;  fuch 
t ran  fmu  tat  ions  have  been  fuppofed  to  exift  in  nature,  thus  lapis 
calaminaris  may  have  been  produced  from  the  deltrudlion  of 
lead-ore,  as  it  is  generally  found  on  the  top  of  the  veins  of  lead, 
where  it  has  been  calcined  or  united  with  air,  and  becaufe  maffes 
of  lead-ore  arc  often  found  entirely  enclofed  in  it.  So  filver  is 
found  mixed  in  almofl  all  lead-ores,  and  fometimes  in  fqjaratc 
filaments  within  the  cavities  of  lead-ore,  as  I am  informed  by 
Mr.Michcll,  and  is  thence  probably  a partial  tranfmutation  of 
the  lead  to  filver:  the  rapid  progrefs  of  modern  chemillry  having 
fhewn  the  analogy  between  metallic  calces  and  acids,  may  lend 
to  the  power  of  tranfmuting  their  bafes;  a difeovery  much  to  be 
wiflied. 
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— Whence  roof’d  with  filver  beam’d  Peru,  of  old. 
And  haplefs  Mexico  was  paved  with  gold. 

^‘Heavens!  on  my  fight  what  fangulne  colours 
blaze ! 

Spain’s  deathlefsfliame ! the  crimes  of  modern  days ! 
When  Avarice,  ihrouded  in  Religion’s  robe. 

Sail’d  to  the  Weft,  and  flaughter’d  half  the  globe; 
While  Superftition,  ftalking  by  his  fide. 

Mock’d  the  loud  groan,  and  lap’d  the  bloody  tide 
For  facred  truths  announced  her  frenzied  dreams. 
And  turn’d  to  night  the  fun’s  meridian  beams. — 
Hear,  oh,  Britannia  ! potent  Queen  of  ifles,  431 
On  whom  fair  Art,  and  meek  Religion  fmiles. 
Now  Afric’s  coafts  thy  craftier  fons  invade, 

And  Theft  and  Murder  take  the  garb  of  Trade  ! 
— ^The  Slave,  in  chains,  on  fupplicating  knee. 
Spreads  his  wide  arms,  and  lifts  his  eyes  to  Thee  ; 
With  hunger  pale,  with  wounds  and  toil  opprefs’d, 
“ Are  we  not  Brethren  ?”  forrow  choaks  the 
reft; 

— Air  ! bear  to  heaven  upon  thy  azure  flood 
Their  innocent  cries  ! — Earth  ! cover  not  their 
blood  ! 


• 
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, VIII.  When  Heaven’s  dread  jufticc  fmites  in 
crimes  o’crgrown 

The  blood-nurfcd  Tyrant  on  his  purple  throne. 
Gnomes  ! your  bold  forms  unnumber’d  arms 
outftretch. 

And  urge  the  vengeance  o’er  the  guilty  wretch. — 
Tims  when  Cambyses  led  his  barbarous  hoibs 
From  Perfia’s  rocks  to  Egypt’s  trembling  coafts, 
Defiled  each  hallowed  fane,  and  facred  wood. 
And,  drunk  with  fury,  fwell’d  the  Nile  with  blood; 
Waved  his  proud  banner  o’er  the  Theban  flates. 
And  pour’d  deflrud:ion  through  her  hundred 
gates ; 440 

In  dread  divifions  march’d  the  marflial’d  bands. 
And  fwarming  armies  blackened  all  the  lands. 

By  Memphis  thefc  to  Ethiop’s  fultry  plains. 

And  thofe  to  Hamm  on’s  fand-cnclrcled  fanes. 


Thm  when  Cambyfes.  1.  435.  Cainbyres  marched  one  army 
irom  Thebes,  after  having  overturned  the  temples,  ravaged  the 
country,  and  deluged  it  with  blood,  to  fubdue  Ethiopia ; this 
army  almofl;  perilhed  by  famine,  infomuch,  that  they  repeatedly 
•flew  every  tenth  man  to  fupplv  the  remainder  with  food.  He 
fent  another  army  to  plunder  the  temple  of  Jupiter  Ammon, 
which  perifhed,  overwhelm’d  with  fand. 
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Slow  as  thcypafs’d,  the  Indignant  Temples  frown’d, 
Low  curfes  muttering  from  the  vaulted  ground; 
Long  alflcs  of  Cjprefs  waved  their  deepen’d  glooms, 
And  quivering  fped;res  grinn’d  amid  the  tombs ; 
Prophetic  whlfpers  breathed  from  Sphinx’s  tongue. 
And  Memnon’s  lyre  with  hollow  murmurs  rung; 
Burft  from  each  pyramid  expiring  groans,  451 
And  darker  lhadows  Hretch’d  their  lengthen’d 
cones, 

Day  after  day  their  deathfal  route  They  fleer. 
Lull  in  the  van,  and  Rapine  in  the  rear. 

‘‘Gnomes!  as  they  march'd,  You  hid  the 
gather’d  fruits, 

The  bladed  grafs,  fweet  grains,  and  mealy  roots; 


Expiring  groans,  T^Ir.  Savery  or  Mr.  \ oiney  in  lui 

Travels  through  Egypt  given  a curious  clefcription  of  one 
of  the  pyramids,  with  the  operofe  method  of  clofing  tliem,  and 
immuring  the  body  (as  they  luppoled)  for  fix  thoufand  years. 
And  has  endeavoured  from  thence  to  fliew,  that,  when  a mo- 
narclt  died,  fcveral  of  his  favourite  courtiers  were  endofed  alive 
with  the  mummy  in  tlicfe  great  mafles  ot  ftonc-work;  and  had 
food  and  water  conveyed  to  them,  as  long  as  they  lived,  proper 
apertures  being  left  for  this  purpole,  and  for  the  admiffton  of  air, 
and  for  the  exclufion  of  any  thing  offcnfivc. 
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Scared  the  tired  quails,  that  journey’d  o’er  their 
heads. 

Retain’d  the  locuRs  in  their  earthy  beds; 

Bade  on  your  fands  no  night-born  dews  diftll. 
Stay’d  with  vindidlive  hands  the  fcanty  rill. — 46 
Loud  o’er  the  camp  the  Fiend  of  Famine  fhrleks. 
Calls  all  her  brood,  and  champs  her  hundred  beaks; 
O’er  ten  fquare  leagues  her  pennons  broad  expand. 
And  twilight  fwims  upon  the  Ihuddering  fand ; 
Perch’d  on  her  creft  the  Griffin  Dlfcord  clings. 
And  Giant  Murder  rides  between  her  wings; 
Blood  from  each  clotted  hair,  and  horny  quill. 
And  Ihowers  of  tears  in  blended  flreams  diftil; 
High  poifed  in  air  her  fpiry  neck  ffic  bends. 

Rolls  her  keen  eye,  her  dragon  claws  extends,  470 
Darts  from  above,  and  tears  at  each  fell  fwoop 
With  iron  fangs  the  decimated  troop. 

Now  o’er  their  head  the  whizzing  whirl- 
winds breathe. 

And  the  live  defert  pants,  and  heaves  beneath ; 
Tinged  by  the  crimfon  fun,  vaft  columns  rife 
Of  eddying  fands,  and  war  amid  the  ffiies, 
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In  red  arcades  the  billowy  plain  furround, 
And  whirling  turrets  llalk  along  the  ground. 


And  ‘u.-hirling  turrets.  L478.  “At  one  o’clock  we  alighted 
among  fome  acacia  trees  at  Waadi  el  Halboub,  having  gone 
twenty-one  miles.  We  were  here  at  once  furprifed  and  terri- 
fied by  a figlit  furely  one  of  the  moft  magnificent  in  the  world. 
In  that  vaft  expanfe  of  defert,  from  W.  toN.  W.  of  us,  we  faw 
a number  of  prodigious  pillars  of  fand  at  different  diflauces,  at 
times  moving  with  great  celerity,  at  others  ftalking  on  with  a 
majeflic  flowncfs;  at  intervals  we  thought  they  were  coming  in 
a very  few  minutes  to  overwhelm  us;  and  fmall  quantities  of 
fand  did  aflually  more  than  once  reach  us.  Again  they  would 
retreat  fo  as  to  be  almofl;  out  of  fight,  their  tops  reaching  to  the 
very  clouds.  There  the  tops  often  feparated  from  the  bodies ; 
and  thefe,  once  disjoined,  difperfed  in  the  air,  and  did  not  appear 
more.  Sometimes  they  were  broken  in  the  middle,  as  if  firuck 
v/ith  large  cannon-fliot.  About  noon  they  began  to  advance 
with  confiderable  fwiftnefs  upon  us,  the  wind  being  very  llrong 
at  north.  Eleven  of  them  ranged  along  fide  of  us  about  the 
diflance  of  three  miles.  The  grcatell  diameter  of  the  largeft 
appeared  to  me  at  that  diflance  as  if  it  would  meafure  ten  feet. 
They  retired  from  us  with  a wind  at  S.  E,  leaving  an  impreffion 
mpon  my  mind  to  which  I can  give  no  name,  though  furely  one 
ingredient  in  it  was  fear,  with  a confiderable  deal  of  wonder  and 
adonilliment.  It  was  in  vain  to  think  of  flying;  the  fwifteft 
hoiic,  or  faflcfi;  failing  fhip,  could  be  of  no  ufe  to  carry  us  out 
of  this  danger ; and  the  full  pcrfuafion  of  this  riveted  me  as  if  to 
the  fpot  were  I flood. 

“'fhe  fame  appearance  of  moving  pillars  of  fand  prefen  ted 
thcmfelves  to  us  this  day  in  form  and  difpofition  like  thofe  wc 
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— Long  ranks  in  vain  their  Ihining  blades  extend. 
To  Demon-Gods  their  knees  unhallow’d  bend.  480 

I 

Wheel  in  wide  circle,  form  in  hollow  fquare, 

And  now  they  front,  and  now  they  fly  the  war. 
Pierce  the  deaf  tempefl;  with  lamenting  cries, 
Prefs  their  parch’d  lips,  and  clofe  their  blood-fliot 
eyes. 

— Gnomes  ! o’er  the  wafte  you  led  your  myriad 
powers, 


had  feen  at  Waad  Halboub,  only  they  feemed  to  be  more  In 
number  and  lets  in  fize.  They  came  feveral  times  in  a direc- 
tion clofe  upon  us,  that  is,  I believe,  within  lefs  than  two  miles. 
They  began  immediately  after  fun-rife,  like  a thick  wood  and 
almoft  darkened  the  fun.  His  rays  Ihining  through  them  for 
near  an  hour,  gave  them  an  appearance  of  pillars  of  fire.  Our 
people  now  became  defperate,  the  Greeks  fhricked  out  and  faid 
it  was  the  day  of  judgment : Ifmael  pronounced  it  to  be  hell ; 
and  the  Turcorories,  that  the  world  was  on  fire.”  Bruce’s 
Travels,  Vol.  IV.  p.  553 — 555. 

From  this  account  it  would  appear,  that  the  eddies  of  wind 
were  owing  to  the  long  range  of  broken  rocks,  which  bounded 
one  fide  of  the  fandy  defert,  and  bent  the  currents  of  air,  which 
firuck  againft  their  fides ; and  were  thus  like  the  eddies  in  a 
fiream  of  water,  which  falls  againft  oblique  obftacles.  This 
explanation  is  probably  the  true  one,  as  thefe  whirlwinds  were 
not  attended  with  rain  or  lightning,  like  tlie  tornadoes  of  the 
Weft- Indies, 
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Climb’d  on  the  whirls,  and  aim’d  the  flinty 
fhowers ! 

Onward  rcfifllefs  rolls  the  infuriate  furge. 

Clouds  follow  clouds,  and  mountains  mountains 
urge ; 

Wave  over  wave  the  driving  defert  fwims, 

Burfts  o’er  their  heads,  inhumes  their  flruggllng 
limbs ; 490 

Man  mounts  on  man,  on  camels  camels  rufh, 
Hofts  march  o’er  hofts,  and  nations  nations crufh, — 
Wheeling  in  air  the  winged  iflands  fall. 

And  one  great  earthy  Ocean  covers  all ! — 

Then  ceafed  the  ftorm, — Night  bow’d  his 
Ethiop  brow 

To  earth,  and  llften’d  to  the  groans  below, — 
Grim  Horror  fliook, — awhile  the  living  hill 
Heaved  with  convulfivc  throes, — and  all  was  ftill ! 

IX.  Gnomes  ! whofc  fine  forms,  Impaflivc 
as  the  air. 

Shrink  with  foft  fympathy  for  human  care  ; 500 
Who  glide  unfeen,  on  printlefs  flippers  borne, 
Beneath  the  w'aving  grafs,  and  nodding  corn  ; 
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or  lay  your  tiny  limbs,  when  noon-tide  warms. 
Where  fhadowy  Cowflips  ftretch  their  golden 
arms, — 

So,  mark’d  on  orreries  in  lucid  hgns, 

Starr’d  with  bright  points  the  mimic  zodiac  dilnes; 
Borne  on  fine  wires  amid  the  pictured  Ikies 
With  ivory  orbs  the  planets  fet  and  rife ; 

Round  the  dwarf  earth  the  pearly  moon  is  roll’d. 
And  the  fun  twinkling  whirls  his  rays  ofgold. — 5 1 o 
Call  your  bright  myriads,  march  your  mailed  hofts, 
Withfpears  and  helmets  glittering  round  the  coafts. 
Thick  as  the  hairs,  which  rear  the  Lion’s  mane. 
Or  fringe  the  Boar,  that  bays  the  hunter-train  ; 
Watch,  w’here  proud  Surges  break  their  treache- 
rous mounds, 

And  fwcep  refiftlefs  o’er  the  cultur’d  grounds ; 
Such  as  ere  while,  Impell’d  o’er  Belgia’s  plain, 
Roll’d  her  rich  ruins  to  the  infatlate  Main  ; 

With  piles  and  piers  the  ruffian  Waves  engage. 
And  bid  Indignant  Ocean  flay  his  rage.  520 

So  mark'd  on  orreries^  1.  505.  I'he  firft  orrery  was  con- 
rtru6Icd  by  a Mr.  Rowley,  a madiematiclan  born  at  Lichfield; 
and  fo  named  from  his  patron  the  Earl  of  Orrery.  Johnfon’s 
DiifUonary. 

Vs 
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Where,  girt  with  clouds,  the  rifted  Moun- 
tain yawns. 

And  chills  wdth  length  of  fhade  the  gelid  law’ns. 
Climb  the  rude  fteeps,  the  granite-cliffs  furround. 
Pierce  with  fteel  points,  with  wooden  wxdges 
w'ound  ; 


TToe  grariite-clijfs.  1.  On  long  expofure  to  air  the  gra- 

nites or  porphyries  of  this  country  exhibit  a ferruginous  cruft, 
the  iron  being  calcined  by  the  air  firft  becomes  vibble,  and  is 
then  wafhed  away  from  the  external  furface,  which  becomes 
white  or  gray,  and  thus  in  time  fecms  to  decompofe.  The 
marbles  feem  to  decompofe  by  loofing  their  carbonic  acid,  as  the 
outfidc,  which  has  been  long  expofed  to  the  air,  does  not  feem 
to  effervefce  fo  haftily  with  acids  as  the  parts  more  recently 
broken.  The  immenfc  quantity  of  carbonic  acid,  which  exifts 
in  the  many  provinces  of  lime-ftone,  if  it  was  extricated  and 
clecompofed,  would  afford  charcoal  enough  for  fuel  for  ages, 
or  for  the  production  of  new  vegetable  or  animal  bodies.  The 
volcanic  flags  on  Mount  Vefuvius  are  faid  by  M.Ferber  to  be 
changed  into  clay,  by  means  of  the  fulphur-acid,  and  even  pots 
made  of  clay  and  burnt  or  vitrified  are  faid  by  him  to  be  again 
reducible  to  ductile  clay  by  the  volcanic  fteams.  Ferbcr’s 
Travels  through  Italy,  p.  i66.  See  additional  notes,  No. XXIV. 

IVooden  ivcdges  wound.  1.  524.  It  is  ufual  in  feparating 
large  mill-ftones  from  the  filiccous  fand-rocks  in  fome  parts  of 
Derbyfliire  to  bore  horizontal  holes  under  them  in  a circle,  and 
fill  thefe  with  pegs  made  of  dry  wood,  which  gradually  fwell  by 
the  moifture  of  the  earth,  and  in  a day  or  two  lift  up  the  mill- 
ftone  without  breaking  it. 
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Break  into  clays  the  foft  volcanic  flags, 

Or  melt  with  acid  airs  the  marble  crags ; 

Crown  the  green  fummits  with  adventurous  flocks. 
And  charm  with  novel  flowers  the  wondering 
Rocks. 

—So  when  proud  Rome  the  Atrlc  Warrior  braved. 
And  high  on  Alps  his  crimfon  banner  waved ; 530 
While  Rocks  on  Rocks  their  beetling  brows  oppofe 
With  piny  forefis,  and  unfathom’d  fnows ; 
Onward  he  march’d,  to  Latium’s  velvet  ground 
With  tires  and  acids  burfl  the  obdurate  bound. 
Wide  o’er  the  weeping  Vales  deflru6Hon  hurl’d. 
And  fhook  the  rifing  empire  of  the  world. 


fires  and  acids.  1.  ^34..  Hannibal  was  faul  to  erode  bis 
way  over  the  Alps  by  fire  and  vinegar.  The  latter  is  fuppol'ed 
to  allude  to  the  vinegar  and  water  which  was  the  beverage  of  his 
army.  Li  refpedl  to  the  former  it  is  not  improbable,  but 
where  wood  was  to  be  had  in  great  abundance,  that  fires  made 
round  llme-ftone  precipices  would  calcine  them  to  a conlider- 
able  depth,  the  night^dews  or  mouutain-raifis  would  penetrate 
ihefe  calcined  parts  and  pulverife  them  by  the  force  of  the 
fleam  which  the  generated  heat  would  produce,  the  winds 
would  difperfe  this  lime-powder,  and  thus  by  repeated  fires  a 
precipice  of  lime-flone  might  be  defiroyed  and  a palfage  openee^. 
It  fiiould  be  added,  that  according  to  Ferber’s  obfervallons,  thefc 
Alps  confifl  of  lime-flone.  Letters  from  Italy. 
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X.  Go,  gentle  Gnomes  ! refume  your  ver- 
nal toil, 

Seek  my  chill  tribes,  which  fleep  beneath  the  foil ; 
On  grey-mofs  banks,  green  meads,  or  furrow’d  lands 
Spread  the  dark  mould,  white  lime,  and  crumbling 
fands ; ^40 

Each  burfting  bud  with  healthier  juices  feed, 
Emerging  feion,  or  awaken’d  feed. 

So  in  defeending  flreams,  the  filver  Chyle 
Streaks  wdth  white  clouds  the  golden  floods  of  Bile; 
Through  each  nice  valve  the  mingling  currents 
glide. 

Join  their  fine  rills,  and  fwell  the  fanguine  tide ; 
Each  countlefs  cell,  and  viewlefs  fibre  feck. 

Nerve  the  ftrong  arm,  and  tinge  the  blulhing  cheek. 


Oh,  watch,  where  bofom’d  in  the  teeming 
earth,  ^49 

Green  fw'clls  the  germ,  impatient  for  its  birth  ; 
Guard  from  rapacious  w'orms  its  tender  flioots. 
And  drive  the  mining  beetle  from  its  roots ; 

With  ceafelefs  efforts  rend  the  obdurate  clay. 

And  give  my  vegetable  babes  to  day  ! 
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— Thus  when  an  Angel-form,  in  light  array’d. 
Like  Howard  pierced  the  prifon’s  nolfome  fliade; 
Where  chain’d  to  earth,  wdth  eyes  to  heaven  up- 
turn’d. 

The  kneeling  Saint  in  holy  anguifh  mourn’d ; — 
Ray’d  from  his  lucid  veft,  and  halo’d  brow 
O’er  the  dark  roof  celeftial  luftres  glow,  560 
Peter,  arife  !”  with  cheering  voice  he  calls. 
And  founds  feraphic  echo  round  the  walls ; 

Locks,  bolts,  and  chains  his  potent  toui:h  obey. 
And  pleafed  he  leads  the  exulting  Sage  to  day. 

XI.  '-You!  whofe  fine  fingers  fill  the  organic 
cells. 

With  virgin  earth,  of  woods,  and  bones,  and  llielJs; 
Mould  with  retradile  glue  their  fpongy  beds. 

And  ftreteh  and  firengthen  all  their  fibre-threads. — 


Mould %v'ith  reiraSlile  glue.  1.  567.  Tlie  conftituent  parts  of 
animal  fibres  are  believed  to  be  earth  and  gluten.  Thefe  do  not 
feparate  except  by  long  putrefadHon  or  by  fire.  The  earth  then 
effervefees  with  acids,  and  can  only  be  converted  into  glafs  by 
the  gieatcft  force  of  fire.  The  gluten  has  continued  united  with 
the  earth  of  the  bones  above  2COO  years  in  Egyptian  mummies  ; 
but  by  long  expofure  to  air  or  moifture  it  dilfolves  and  leaves 
only  the  earth.  Hence  bones  long  burled,  when  expofed  to  the 
sir,  abforb  moifiure  and  crumble  into  powder.  Phil.  Tranfi 
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Lyate  when  the  mafs  obeys  Its  changeful  doom. 
And  finks  to  earth,  its  cradle  and  its  tomb,  570 
Gnomes  ! with  nice  eye  the  flow  folution  watch. 
With  foflering  hand  the  parting  atoms  catch. 
Join  in  new  forms,  combine  with  life  and  fenfe; 
And  guide  and  guard  the  tranfmigrating  Ens. 

No.  475*  The  retra£iil')ihty  or  elafticity  of  the  animal  fibre 
depends  on  the  gluten  ; and  of  thefe  fibres  are  compofed  the 
membranes,  mufcles,  and  bones.  Haller.  Phyfiol.  Tom.  I.  p.  2* 

* X 

For  the  chemical  decompofition  of  animal  and  vegetable  bo- 
dies fee  the  ingenious  work  of  Lavoifier,  IVaite  de  Chemie>  Tom.  I. 
p 132.  who  refolves  all  their  component  parts  into  oxygenc, 
hydrogene,  carbone,  and  azote,  the  three  former  of  which  be- 
long principally  to  vegetable,  and  the  lafl;  to  animal  matter. 

The  tranfmigrating  Ens.  I.  574.  The  perpetual  circulation 
of  matter  in  the  growth  and  diflolution  of  vegetable  and  animal 
bodies  feems  to  have  given  Pythagoras  his  idea  of  the  metemp- 
fycofis,  or  tranfmigration  of  fpirit ; which  was  afterwards  drefled 
out  or  ridiculed  in  variety  of  amufing  fables.  Other  philofo- 
phers  have  fuppofcd,  that  there  are  two  different  materials  or 
cfTences,  which  fill  the  univerfe.  One  of  thefe,  wdiich  has  the 
power  of  commencing  or  producing  motion,  is  called  fpirit;  the 
other,  which  has  the  power  of  receiving  and  of  communicating 
motion,  but  not  of  beginning  it,  is  c.alled  matter.  The  former 
of  thefe  is  fuppofed  to  be  difFufed  through  all  fpace,  filling  up 
the  interfticcs  of  the  funs  and  planets,  and  confiituting  the  gra- 
vitations of  the  fidereal  bodies,  the  attraddions  of  chemillry,  with 
ih«  fpirit  of  vegetation,  and  of  animation.  The  latter  occupies 
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So  when  on  Lebanon’s  fequefter’d  hlglit 
The  fair  Adonis  left  the  realms  of  light. 


comparatively  but  fmall  fpace,  conftltutlng  the  folid  parts  of  the 
funs  and  planets,  and  their  atmofpheres.  Hence  thefe  philofo- 
pliers  have  fuppofed,  that  both  matter  and  fpirit  are  equally  im- 
mortal and  unpcrifliable ; and  that  on  the  difiblution  of  vege- 
table or  animal  organization,  the  matter  returns  to  the  general 
mafs  of  matter  ; and  the  fpirit  to  the  general  mafs  of  fpirit,  to 
enter  again  into  new  combinations,  according  to  the  original 
idea  of  Pythagoras. 

The  fmall  apparent  quantity  of  matter  that  exills  in  the  uni- 
verfe  compared  to  that  of  fpirit,  and  the  fliort  time  in  which  the 
recrements  of  animal  or  vegetable  bodies  become  again  vivified 
in  the  forms  of  vegetable  mucor,  or  microfcopic  infe6ls,  feems  to 
have  given  rife  to  another  curious  fable  of  antiquity.  That 
Jupiter  threw  down  a large  handful  of  fouls  upon  the  earth,  and 
left  them  to  fcramble  for  the  few  bodies  whicii  were  to  be  had. 

Adonis.  1.  57^'  "bhe  very  antient  llory  of  the  beautiful 
Adonis  pafling  one  half  of  the  year  with  Venus,  and  the  other 
with  Proferpine  alternately,  has  had  variety  of  interpretations. 
Some  have  fuppofed  that  it  allegorized  the  fummer  and  winter 
folllice ; but  this  feems  too  obvious  a facl  to  have  needed  an 
hieroglyphic  emblem.  Others  have  believed  it  to  reprefent  the 
corn,  which  was  fuppofed  to  fleepin  the  earth  during  the  winter 
months,  and  to  rife  out  of  it  in  fummer.  This  does  not  accord 
with  the  climate  of  Egypt,  where  the  harvefi;  foon  follows  the 
feed-time. 

It  feems  more  probably  to  have  been  a fiory  explaining  fome 
hieroglyphic  figures  reprefenting  the  decompofition  and  refufei- 
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Bow  d his  bright  locks,  and,  fated  from  his  birth 
To  change  eternal,  mingled  with  the  earth ; — 
With  darker  horror  fiiook  the  confclous  wood. 
Groan’d  the  fad  gales,  and  rivers  blufli’d  with 
blood;  580 

On  cyprefs-boughs  the  Loves  their  quivers  hung. 
Their  arrows  fcatter’d,  and  their  bows  unitrung; 
And  Beauty’s  Goddess,  bending  o’er  his  bier. 
Breathed  the  foft  figh,  and  pour’d  the  tender 
tear. — 

Admiring  Proserpine  through  dufky  glades 
Led  the  fair  phantom  to  Elyfian  fliades. 

Clad  w'ith  new  form,  wdth  finer  fenfe  combined. 
And  lit  with  purer  flame  the  ethereal  mind. 


tatlon  of  animal  matter ; a fublime  and  intereAing  fubjedl,  and 
which  feems  to  have  given  origin  to  the  do6Irine  of  tranfmi- 
gration,  which  Iiad  probably  its  birth  alfo  from  the  hieroglyphic 
treafures  of  Egypt.  It  is  remarkable  that  the  cyprefs  groves  in 
the  antient  Greek  w'riters,  as  in  Theocritus,  were  dedicated  to 
Venus;  and  afterwards  became  funeral  emblems.  Which  was 
probably  occafioned  by  the  Cyprefs  being  an  accompaniment  of 
Venus  in  the  annual  proccfTions,  in  wljich  flie  was  fuj,pofed  to 
lament  over  the  funeral  of  Adonis ; a ceremony  which  obtained 
overall  the  eahern  world  from  great  antiquity,  and  is  fuppofed 
to  he  referred  to  by  Ezekiel,  who  accufesthe  idolatrous  womaw 
of  weeping  for  Thammus. 


VEGETATION. 


Canto  II.  VEGETATION. 

— Erewhile,  emerging  from  infernal  night, 


The  bright  Affurgent  rlfes  into  light,  590 

Leaves  the  drear  chambers  of  the  infatlate  tomb. 
And  fliines  and  charms  with  renovated  bloom. — 
While  wondering  Loves  the  burfting  grave  fur- 
round. 

And  edge  with  meeting  wings  the  yawning  ground. 
Stretch  their  fair  necks,  and  leaning  o’er  the  brink 
View  the  pale  regions  ol  the  dead,  and  fhrinkj 
Long  with  broad  eyes  ecftatic  Beauty  ftands. 
Heaves  her  white  bofom,  fpreads  her  waxen  hands ; 
Then  with  loud  fliriek  the  panting  Youth  alarms. 
My  Life  ! my  Love  !”  and  fprings  into  his 
arms.”  600 


The  Goddess  ceaied, — the  delegated  throng 
O’er  the  wide  plains  delighted  ruih  along ; 

In  dufky  fquadrons,  and  in  Ihining  groups, 

Hofts  follow  hofts  and  troops  fucceed  to  troops  ; 
Scarce  bears  the  bending  grafs  the  moving  freight. 
And  nodding  florets  bow  beneath  their  wei 
So  when  light  clouds  on  airy  pinions  fall,  ' 

Flit  the  foft  fliadows  o’er  the  waving  vale ; 
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Shade  follows  fhade,  as  laughing  Zephyrs  drive. 
And  all  the  chequer’d  landfcape  feems  alive.  6io 

V 

V - 

* . 

Zephyrs  drive.  1.  609.  Thefe  lines  uere  originally  written 
thus, 

* 

Shade  follows  (hade  by  laughing  Zephyrs  drove. 

And  all  the'clAej^uer’d  landfcape  feems  to  move: 

hut  were  altered  on  account  of  the  fuppofed  falfe  grammar  in 
uhng  the  word  drove  for  driven,  according  to  the  opinion  of  Dr. 
Lowth  ; at  the  fame  time  it  may  be  obferved,  i.That  this  is  in 
many  cafes  only  an  ellipfis  of  the  letter  n at  the  end  of  the 
Word  ; as  froze,  for  frozen  ; wove,  for  woven ; fpoke,  for  fpoken  ; 
and  that  then  the  participle  accidentally  becomes  fimilar  to  the 
paft  tenfe  : 2. That  the  language  feems  gradually  tending  to  omit 
the  letter  n in  other  kind  of  words  for  the  fake  of  euphony  ; as 
houfen  is  become  houfes;  eyne,  eyes;  thine,  thy,  &c.  and  in 
common  converfation,  the  words  forgot,  fpoke,  froze,  rode,  arc 
frequently  ufed  for  forgotten,  fpoken,  frozen,  ridden  : 3.  It 
does  not  appear  that  any  confufion  would  follow  the  indiferimi- 
natc  ufe  of  the  fame  word  for  the  paft  tenfe  and  the  participle 
paflTive,  fince  the  auxiliary  verb  have.,  or  the  preceding  noun  or 
pronoun  always  clearly  diftinguiflies  them  ; and,  lalHy,  rhymed- 
poetry  muft  lofe  the  ufe  of  many  elegant  words  without  thda. 
1 ice  nfe. 


ARGUMENT  OF  THE  THIRD  CANTO. 


Address  to  the  Nymphs.  I.  Steam  rifes  from  the  ocean, 
floats  in  clouds,  defcends  in  rain  and  dew,  or  is  condenfed  on  liills, 
produces  fprings,  and  rivers,  and  returns  to  the  fca.  So  the  blood 
circulates  through  the  body  and  returns  to  the  heart,  1 1.  II.  i. 
Tides,  57.  2.  Echinus,  nautilus,  pinna,  cancer.  Grotto  of  a 

mermaid,  65.  3.  Oil  frills  the  waves.  Coral  rocks.  Ship- 

worm,  or  Teredo.  Maelftrome,  a whirlpool  on  the  coafl;  of 
Norway,  85.  III.  Rivers  from  beneath  the  fnows  on  the  Alps, 
The  Tiber,  103.  IV.  Overflowing  of  the  Nile  from  African 
Monfoons,  129.  V.  i.  Giefar,  a boiling  fountain  in  Iceland, 
deftroyed  by  inundation,  and  confequent  earthquake,  145. 
2.  Warm  medicinal  fprings.  Buxton.  Duke  and  Duchefs  of 
Devonfliire,  157.  VI.  Combination  of  vital  air  and  inflamma 
ble  gas  produces  water.  Which  is  another  fource  of  fprings 
and  rivers.  Allegorical  loves  of  Jupiter  and  Juno  produdlive  of 
vernal  fliowcrs,  201.  VII.  Aquatic  Tafte.  Diftant  murmur 
of  the  fea  by  night.  Sea-horfe.  Nereid  finging,  261.  VIII. 
The  nymphs  of  the  river  Derwent  lament  the  death  of  Mrs. 
French,  297.  IX.  Inland  navigation.  IMonument  for  Mr. 
Brindley,  341.  X.  Pumps  explained.  Child  fucking.  Mo- 
thers exhorted  to  nurfe  their  children.  Ciierub  flecping,  365. 
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XL  Engines  for  extinguifliing  fire.  Story  of  two  lovers  perifL- 
ing  in  tlie  flames,  397*  XII.  Charities  of  Mifs  Jones,  447. 
XIII.  Marfhes  tlrained.  Hercules  conquers  Achelous.  The 
horn  of  plenty,  483.  XIV.  Showers.  Dews.  Floating  lands 
with  water.  Ladteal  fyflem  in  animals.  Caravan  drinking, 
529.  Departure  of  the  Nymphs  like  water  fpiders;  like 
northern  nations  fkaiting  on  the  ice,  569. 
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Again  the  Goddess  fpeaks! — glad  Echo  fwells 
The  tuneful  tones  along  her  fhadowy  dells, 

Her  wrinkling  founts  with  foft  vibration  fhakes. 
Curls  her  deep  wells,  and  rimples  all  her  lakes. 
Thrills  each  wide  ftream,  Britannia’s  ifle  that  laves. 
Her  headlong  catarafts,  and  circumfluent  waves. 
— Thick  as  the  dews,  which  deck  the  morning 
flowers,  ' 

Or  rain-drops  twinkling  in  the  fun-bright  fliowers. 
Fair  Nymphs,  emerging  in  pellucid  bands, 

Rife,  as  flie  turns,  and  whiten  all  the  lands. 

VoL.  I.  K 
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I.  Your  buoyant  troops  on  dimpling  ocean 
tread, 

Wafting  the  moift  air  from  his  oozy  bed. 
Aquatic  Nymphs! — you  lead  with  viewlefs 
march 

The  winged  Vapours  up  the  aerial  arcli. 

On  each  broad  cloud  a thoufand  fails  expand. 

And  fleer  the  fhadowy  treafure  o’er  the  land. 


T^he  winged  vapours.  1.  14.  See  additional  note,  No.  XXV. 
on  evaporation. 

On  each  broad  cloud.  1. 15.  Tlie  clouds  confifl;  of  condenfed 
vapour,  the  particles  of  which  are  too  fmall  feparately  to  over- 
come the  tenacity  of  the  air,  and  which  therefore  do  not  defcend. 
They  are  In  fuch  fmall  fpheres  as  to  repel  each  other,  tliat  is, 
they  are  applied  to  each  other  by  fuch  very  fmall  furfaces,  that 
the  attraction  of  the  particles  of  each  drop  to  its  own  centre  is 
greater  than  its  attradVion  to  the  furface  of  the  drop  in  its  vici- 
nity; every  one  has  ohferved  with  what  difficulty  fmall  fphe- 
Tules  of  quickfilver  can  be  made  to  unite,  owing  to  the  fame 
caufe ; and  it  is  common  to  fee  on  riding  through  (hallow  water 
on  a clear  day,  numbers  of  very  fmall  fpheres  of  water  as  tliey 
are  thrown  from  the  horfe’s  feet  run  along  the  furface  for  many 
yards  before  they  again  unite  with  it.  In  many  cafes  thefc 
fpherules  of  water,  which  compofe  clouds,  are  kept  from  uniting 
by  a furplus  of  eledlric  fluid  ; and  fall  in  violent  fiiowers  as  foon 
as  that  is  withdrawn  from  them,  as  in  thunder  ftorms.  See 
note  on  Canto  1.  1.554* 
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Through  vernal  fkies  the  gathering  drops  diffufe. 
Plunge  in  foft  rains,  or  fink  in  filver  dews. — 


If  in  this  ftate  a cloud  becomes  frozen,  it  is  torn  to  pieces  in 
its  defcent  by  the  friction  of  the  air,  and  falls  in  white  flakes  of 
fnow.  Or  thefc  flakes  are  rounded  by  being  rubbed  together  by 
the  winds,  and  by  having  their  angles  thawed  off  by  the  wanner 
air  beneath  as  they  defcend;  and  part  of  the  water  produced  by 
thefe  angles  thus  diflblvcd  is  abforbed  into  the  body  of  the  hail- 
flone,  as  may  be  fcen  by  holding  a lump  of  fnow  over  a candle, 
and  there  becomes  frozen  into  ice  by  the  quantity  of  cold  which 
the  hall-ftone  poflefles  beneath  the  freezing  point,  or  which  is 
produced  by  its  quick  evaporation  in  falling;  and  thus  hail-flones 
are  often  found  of  greater  or  lefs  denfity  according  as  they  con- 
flft:  of  a greater  portion  of  fnow  or  ice.  If  hail-flones  confifted 
of  the  large  drops  of  fhowers  frozen  in  their  defcent,  they  would 
conflft  of  pure  tranfparent  ice. 

As  hail  is  only  produced  in  fummer,  and  is  always  attended 
with  florins,  fome  philofophers  have  believed  that  the  fudden 
departure  of  elcfilricity  from  a cloud  may  effe£l  fomething  yet 
unknown  in  this  phenomenon  ; but  it  may  happen  in  fummer 
independent  of  elcvflricity,  becaufe  aqueous  vapour  is  then  raifed 
I'iigher  in  the  atniofphere,  whence  it  has  further  to  fall,  and 
there  is  warmer  air  below  for  it  to  fall  through. 

Or  fitik  hi  (liver  de'ivs.  1.  1 8.  During  the  coldnefs  of  the 
night  the  moiflure  before  diflblved  in  the  air  is  gradually  pre- 
cipitated, and  as  it  fubfules  adheres  to  the  bodies  it  falls  upon. 
Where  the  attraction  of  the  body  to  the  particles  of  water  is 
greater  than  the  attractions  of  thofe  particles  to  each  other,  it 
becomes  fpread  upon  their  furface,  or  Aides  down  them  in  actual 
contact ; as  on  the  broad  parts  of  the  blades  of  moift  grafs : 
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Your  lucid  bands  condenfc  with  finders  chill 

O 

The  blue  mifi:  hovering  round  the  gelid  hill ; 50 


where  the  attracSlion  of  the  furface  to  the  water  is  lefs  than 
the  attradlion  of  the  particles  of  water  to  each  other,  tlie  clew 
Hands  in  drops;  as  on  the  points  and  edges  of  grafs  or  gorfe, 
where  the  furface  prefented  to  the  drop  being  fmall  it  attradls 
it  fo  little  as  but  juft  to  fupport  it  without  much  changing  its 
globular  form  : where  there  is  no  attra£Uon  between  the  vege- 
table furface  and  the  dew  drops,  as  on  cabbage  leaves,  the  drop 
does  not  come  into  contadl  with  the  leaf,  but  hangs  over  it  re- 
pelled, and  retains  its  natural  form,  compofed  of  the  attraction 
and  preflure  of  its  own  parts,  and  thence  looks  like  quickfilver, 
reflecting  light  from  both  its  furfaces.  Nor  is  this  owing  to 
any  oilinefs  of  the  leaf,  but  Amply  to  the  polifli  of  its  furface, 
as  a light  needle  may  be  laid  on  water  in  the  fame  manner  with- 
out touching  it ; for  as  the  attractive  powers  of  poliftied  furfaces 
are  greater  when  in  adual  contat,  fo  the  repulfive  power  is 
greater  before  contact. 

The  blue  m'ljl.  1.20.  IMifts  are  clouds  reftingon  the  ground; 
they  generally  come  on  at  the  beginning  of  night,  and  either 
fill  the  moift  vallies,  or  hang  on  the  fummits  of  hills,  according 
to  the  degree  of  moifture  previoufly  diffblved,  and  the  eduftion 
of  heat  from  them.  The  air  over  rivers  during  the  warmth  of 
the  day  fufpends  much  moifture,  and  as  the  changeful  furface  of 
rivers  occafions  them  to  cool  fooner  than  the  land  at  the  ap- 
proach of  evening,  mifts  are  moft  frequently  feen  to  begin  over 
rivers,  and  to  fpread  thcmfelves  over  moift  grounds,  and  fill  the 
vallies,  while  the  mifts  on  the  tops  of  mountains  are  more  pro- 
perly clouds,  condenfecl  by  the  ccldnefs  of  their  fituation. 
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In  clay-fonn'd  beds  the  trickling  ftreams  colledt, 
Strain  through  white  fands,  through  pebbly  veins 
diredt ; 

On  afcemllng  up  the  fide  of  a hill  from  a mifty  valley,  I have 
obferved  a beautiful  coloured  halo  round  the  moon  when  a cer~ 
tain  thicknefs  of  mill  was  over  me,  which  cealed  to  be  vifible  as 
foon  as  I emerged  out  of  it ; and  well  remember  admiring  with 
other  fpeiflators  the  Ihadow  of  the  three  fpires  of  the  cathedral 
church  at  Lichfield,  the  moon  rifing  behind  it,  apparently 
broken  off,  and  lying  diftindlly  over  our  heads  as  if  horizontally 
on  the  furface  of  the  mift,  which  arofe  about  as  high  as  the  roof 
of  the  church.  Similar  to  this  if  on  a foggy  night  a perfon 
turns  his  back  to  a candle  and  lanthorn,  he  will  fee  a monftrous 
fliadow  of  himfelf  delineated  on  the  fog,  which  is  denfe  enough 
to  refleCl  a part  of  the  candle-light  in  the  vicinity  of  the  fhadow. 
White’s  Calendar.  There  are  fome  curious  remarks  on  fltadows 
or  reflexions  fecn  on  the  furface  of  mills  from  high  mountains 
in  Ulloa’s  Voyages.  The  dry  mift  of  fummer,  1783,  was  pro- 
bably occafioned  by  volcanic  eruption,  as  mentioned  in  note  on 
Chunda,  Vol.Il.  and  therefore  more  like  the  atmofphere  of 
fmoke  whidi  hangs  on  iVill  days  over  great  cities. 

There  is  a dry  mill:,  or  rather  a diminiflied  tranfparence  of 
the  air,  wliich  according  to  Mr.  SaulTure  accompanies  fair  wea- 
ther, while  great  tranfparence  of  air  indicates  rain.  Thus  when 
large  rivers  two  miles  broad,  fuch  as  at  Liverpool,  appear  nar- 
row, it  is  faid  to  prognoflicate  rain  ; and  when  wide,  fair  wea- 
ther, This  want  of  tranfparence  of  the  air  in  dry  weather,  may 
be  owing  to  new  combinations  or  decompofitions  of  the  vapours 
diflTolved  in  it,  but  wants  further  inveftigation.  Eflais  fur 
L’Hygrometrie,  p.  357. 

Round  the  gelid  hill.  ib.  See  additional  notes,  No,  XXVI. 
on  the  oiigin  of  fprings. 
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Or  point  in  rifted  rocks  their  dubious  way, 

And  in  each  bubbling  fountain  rife  to  day. 

‘‘Nymphs!  you  then  guide,  attendant  from 
their  fource, 

The  affociate  rills  along  their  fmuous  courfe ; 

Float  in  bright  fquadrons  by  the  willowy  brink. 

Or  circling  flow  in  limpid  eddies  fink ; 

Call  from  her  cryftal  cave  the  Naiad-Nymph, 
Who  hides  her  fine  form  in  the  paffing  lymph,  30 
And,  as  below  foe  braids  her  hyaline  hair. 

Eyes  her  foft  fmlles  refleded  in  the  air ; 

Or  fport  in  groups  with  River-Boys,  that  lave 
Their  filken  limbs  amid  the  dafoing  wave ; 

Pluck  the  pale  primrofe  bending  from  its  edge, 

Or  tittering  dance  amid  the  whifperlng  fedge. — 

Onward  you  pafs,  the  plne-capt  hills  divide. 
Or  feed  the  golden  harvefls  on  their  fide ; 

The  wide-rlbb’d  arch  with  hurrying  torrents  fill. 
Shove  the  flow  barge,  or  whirl  the  foaming  mill.  40 
Or  lead  with  beckoning  hand  the  fparkling  train 
Of  refluent  water  to  its  parent  main, 

And  pleafed  revifit  in  their  fea-mofs  vales 
Blue  Nereld-forms  array’d  in  foining  fcales. 
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Shapes,  whofe  broad  oar  the  torpid  wave  impels, 
And  Tritons  bellowing  through  their  twided  fhells. 

So  from  the  heart  the  Sanguine  Stream  diftil , 
O’er  Beauty’s  radiant  Ihrine  in  vermil  rills. 

Feeds  each  fine  nerve,  each  flender  hair  pervades. 
The  fkins  bright  fnow  with  living  purple  fhades,  50 
Each  dimpling  cheek  with  warmer  blufhes  dyes. 
Laughs  on  the  lips,  and  lightens  in  the  eyes. 

— Erewhile  abforb’d,  the  vagrant  globules  fwim 
From  each  fair  feature,  and  proportion’d  limb. 
Join’d  in  one  trunk  with  deeper  tint  return 
To  the  warm  concave  of  the  vital  urn. 

II.  I.  ‘‘Aquatic  Maids!  you  fway  the  mighty 
realms 

Of  fcale  and  fhell,  which  Ocean  overwhelms ; 

As  Night’s  pale  Queen  her  riling  orb  reveals. 

And  climbs  the  zenith  with  refulgent  wheels,  60 
Carr’d  on  the  foam  your  glimmering  legion  rides. 
Your  little  tridents  heave  the  dafliing  tides, 

Carr  d on  the  foam.  1.  61.  The  phenomena  of  the  tides 
have  been  well  iuvelVigated  and  fatisfadlorily  explained  by  Sir 
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Urge  on  the  founding  fliores  their  cryftal  courfe, 
Reftrain  their  fury,  or  direct  their  force. 

Ifaac  Newton  and  Dr.  Halley,  from  the  reciprocal  gravitations 
of  the  earth,  moon,  and  fun.  As  the  earth  and  moon  move 
round  a centre  of  motion  near  the  earth’s  fuiface,  at  the  fame 
time  that  they  are  proceeding  in  their  annual  orbit  round  the 
fun,  it  follows  that  the  water  on  the  fide  of  the  earth  neareft  this 
centre  ot  motion  between  the  earth  and  moon  will  be  more  at- 
tradled  by  the  moon,  and  the  waters  on  the  oppofite  fide  of  the 
earth  will  be  lefs  attra6Ied  by  the  moon,  than  the  central  parts 
of  the  earth.  • Add  to  this,  that  the  centrifugal  force  of  the  water 
on  the  fide  of  the  earth  furthefl;  from  the  centre  of  motion, 
round  which  the  earth  and  moon  move,  (which,  as  was  faid  be- 
fore, is  near  the  furface  of  the  earth,)  is  greater  than  that  on  the 
oppofite  fide  of  the  earth.  From  both  thefe  caufes  it  is  eafy  to 
comprehend  that  the  water  will  rife  on  two  fides  of  the  earth, 
viz.  on  that  neareft  to  the  moon,  and  its  oppofite  fide,  and  that 
it  will  be  flattened  in  confequence  at  the  quadratures,  and  thus 
produce  two  tides  in  every  lunar  day,  which  confifls  of  about 
twenty-four  hours  and  forty-eight  minutes. 

Thefe  tides  will  be  alfo  affe6led  by  the  folar  attraclion  when 
it  coincides  with  the  lunar  one,  or  oppofes  it,  as  at  new  and  full 
moon,  and  will  alfo  be  much  influenced  by  the  oppofing  flrores 
in  every  part  of  the  earth. 

Now  as  the  moon  in  moving  round  the  centre  of  gravity  be- 
tween itfelf  and  the  earth  deferibes  a much  larger  mbit  than  the 
earth  deferibes  round  the  fame  centre,  it  follows  that  the  centri- 
fugal motion  on  the  fide  of  the  moon  oppofite  to  the  earth  muft 
he  much  greater  than  the  centrifugal  motion  of  the  fide  of  the 
earth  oppofite  to  the  moon  round  the  fame  centre.  And  fecondly, 
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5. ‘‘Nymphs!  you  adorn,  in  gloffy  volutes 

roll’d, 

The  gaudy  conch  with  azure,  green,  and  gold. 


as  the  attra6Iion  of  tlie  earth  exerted  on  the  moon’s  furface  next 
to  the  eartli  is  much  greater  than  the  attra£lion  of  the  moon 
exerted  on  the  earth’s  furface,  the  tides  on  the  lunar  fea,  (if  fuch 
there  be,)  Ihculd  be  much  greater  than  thofeof  our  ocean.  Add 
to  this,  that  as  the  fame  face  of  the  moon  always  is  turned  to 
the  earth,  the  lunar  tides  muO:  be  permanent,  and  if  the  folid 
parts  of  the  moon  be  fpherical,  mufl  always  cover  the  phafisnext 
to  us.  But  as  there  are  evidently  hills,  and  vales,  and  volcanoes, 
on  this  fide  of  the  moon,  the  confequence  is  that  the  moon  has 
no  ocean,  or  that  it  is  frozen. 

*The  gaudy  conch.  1 66.  The  fpirnl  form  of  many  /liells 
feems  to  have  afforded  a more  frugal  manner  of  covering  the 
long  tail  of  the  lifh  with  calcareous  armour;  fince  a fingle  thin 
partition  between  the  adjoining  circles  of  the  fiili  was  fufficient 
to  defend  both  fur  faces,  and  thus  much  cretaceous  matter  is 
faved;  and  it  is  probable  that  from  this  fpiral  form  they  are 
better  enabled  to  feel  the  vibrations  of  the  element  in  which  they 
exift.  See  note  on  canto  IV.  1, 164.  This  ci*etaceous  mat- 
ter is  formed  by  a mucous  fecretion  from  the  dcin  of  the  filh, 
as  is  feen  in  crab-filh,  and  others  which  annually  caff  their 
fliells,  and  is  at  tirft  a mucous  covering,  (like  that  of  a hen’s 
egg,  when  it  is  laid  a day  or  two  too  foon,)  and  which  gradually 
hardens.  This  may  alfo  be  feen  in  common  Ihell  fnails ; if  a 
part  of  their  (hell  be  broken  it  becomes  repaired  in  a fnnilar 
manner  with  mucus,  which  by  degrees  hardens  into  fliell. 

It  is  probable  the  calculi  or  ftones  found  in  other  animals  may 
have  a fimilar  origin,  as  they  are  formed  on  mucous  meoabranes. 
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You  round  Echinus  ray  his  arrowy  mail, 
'Give  the  keel’d  Nautilus  his  oar  and  Fail ; 


as  thofe  of  the  kidney  and  bladder,  chalk-flones  in  the  gout,  and 
gall  flones;  and  are  probably  owing  to  the  inflammation  of  the 
membrane  where  they  are  produced,  and  vary  according  to  the 
degree  of  inflammation  of  the  membrane  which  forms  them,  and 
the  kind  of  mucus  which  it  naturally  produces.  Thus  the 
fhelly  matter  of  different  fhell-filh  differs  from  the  coarfer  kinds 
which  form  the  (hells  of  crabs,  to  the  finer  kinds  which  produce 


the  mother-pearl. 

The  beautiful  colours  of  feme  fliells  originate  from  the  thm- 
nefs  of  the  laminae  of  which  they  confiff,  rather  than  to  any 
colouring  matter,  as  is  feen  in  mother-pearl,  which  refle6ts  dif- 
ferent colours  according  to  the  obliquity  of  the  light  which  falls 
on  it.  The  beautiful  prifmatic  colours  feen  on  the  Labradore 
ftone  are  owing  to  a fimilar  caufe,  viz.  the  thinnefs  of  the  la- 
minae of  which  it  confifts,  and  has  probably  been  formed  from 
mother-pearl  (hells. 


Vi3 


It  is  curious  that  fome  of  the  moft  common  foflil  (hells  are 
not  now  known  in  their  recent  ftate,  as  the  cornua  ammonis, 
and,  on  the  contrary,  many  (hells  which  are  very  plentiful  in 
their  recent  ftate,  as  limpets,  fea-ears,  volutes,  cowries,  are  vciy 
rarely  found  foflil.  Da  Cofta’s  Conchology,  p.  163.  Were 
all  the  ammoniae  deftroyed  when  the  continents  were  raifed  ? Or 
do  fome  genera  of  animals  periffi  by  the  incrcafing  power  of 
their  enemies  ? Or  do  they  ftill  refide  at  inaccefiible  depths  in 
the  fea ! Or  do  fome  animals  change  their  forms  gradually  and 
become  new  genera  ? 

Echinus,  Nautilus.  1.  67,  68.  See  additional  notes,  No. 
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Firm  to  his  rock  with  filver  cords  fufpcnd 
The  anchor’d  Pinna,  and  his  Cancer-friend  ; 70 

With  worm-like  beard  his  toothlefs  lips  array. 

And  teach  the  unwieldy  Sturgeon  to  betray. — 
Ambnfli’d  in  weeds,  or  fepulchred  in  fands. 

In  dread  repofe  He  waits  the  fcaly  bands. 

Waves  in  red  fpires  the  living  lures,  and  draws 
The  unwary  plunderers  to  his  circling  jaws. 

Eyes  with  grim  joy  the  twdnkling  flioals  befct. 
And  clafps  the  quick  inextricable  net. 

You  chafe  the  warrior  Shark,  and  cumberous 
Whale, 

And  guard  the  Mermaid  in  her  briny  vale  ; 80 

Feed  the  live  petals  of  her  infe^I-dowers, 

Her  fliell- wrack  gardens,  and  her  fca-fan  bovvers; 


Pinna.  Cancer.  \.^o.  See  additional  notes,  No.  XXVII. 

With  worm-like  beard.  1.  71.  See  aldltional  notes,  No. 
XXVill. 

Feed  the  live  petals.  1.  81.  There  is  a fea-infeil  defcrlbed  by 
Mr.  Huges  vvhofe  claws  or  tentacles  being  difpofed  in  regular 
circles  and  tinged  with  variety  of  bright  lively  colours  reprefent 
the  petals  of  foine  moft  elegantly  fringed  and  radiated  flowers,  as 
the  carnation,  marigold,  and  anemone.  Philof.  Tranf.  Abridg. 
Vol.  IX.  p.  no.  The  Abbe  Dicquemarre  has  further  eluci- 
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With  ores  and  gems  adorn  her  coral  cell, 

And  drop  a pearl  in  every  gaping  fliell. 

3.  “Y^our  myriad  trains  o’er  ftagnant  oceans 
tow, 

Harncfs’d  with  goffamcr,  the  loitering  prow ; 

Or  with  fine  films,  fufpcnded  o cr  the  deep, 

Of  oil  effufive  lull  the  waves  to  flecp. 


dated  the  hiftory  of  the  aiSHnia  ; and  obferved  their  manner  of 
taking  their  prey  by  enclofing  it  in  thefe  beautiful  rays  like  a 
net.  Phil.  Tranf.  Vol.  LXIII.  and  EXV.  and  LX\  II. 

Jnd  drop  a pearl.  1.  84.  Many  arc  the  opinions  both  of 
antient  and  modern  writers  concerning  the  produ61ion  of  pearls. 
Mr.  Reaumur  thinks  they  are  formed  like  the  hard  concietions 
in  many  land  animals,  as  lloncs  ot  the  bladder,  gall-llones,  and 
bezoar,  and  hence  concludes  them  to  be  a difeafe  of  the  fifli ; but 
there  feems  to  be  a ftriaer  analogy  between  thefe  and  the  cal- 
careous productions  found  in  crab-frfli,  called  ciab  s eyes,  which 
are  formed  near  the  ftomach  of  the  animal,  and  conflitute  a re- 
fervoir  of  calcareous  matter  againft  the  renovation  of  the  fliell, 
at  which  time  they  are  re-diffblved  and  depofited  foi  that  pur- 
pofe.  As  the  internal  part  of  the  fliell  of  the  pearl  oyfter  or 
mufcle  confifls  of  mother-pearl,  which  is  a fimilar  material  to  the 
pearl,  and  as  the  animal  has  annually  occafion  to  enlarge  his 
fhell,  there  is  reafon  to  fufpetl  tlie  loofe  peails  are  fimilar  lefer- 
voirsof  the  pearly  matter  for  that  purpofe. 

Ot  with Jine JUtnst  1.8y.  See  additional  notes,  No.  XXIX. 
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You  flay  the  flying  bark,  conceal’d  beneath. 
Where  living  rocks  of  worm-built  coral  breathe; 
Meet  fell  Teredo,  as  he  mines  the  keel 
With  beaked  head,  and  break  his  lips  of  fl:eel; 

Turn  the  broad  helm,  the  fluttering  canvas  urge 
From  Maelstrome’s  fierce  innavigable  furge. 

— ’Mid  the  lorn  ifles  of  Norway’s  ftormy  main. 

As  fweeps  o’er  many  a league  his  eddying  train, 
Vaft  watery  walls  in  rapid  circles  fpin. 

And  deep-inguiph’d  the  Demon  dwells  within ; 

Where  living  rocks.  1.  90.  The  immenfe  and  dangerous  rocks 
built  by  the  fwarms  of  coral  infe6ls  which  rife  almoft  perpendi- 
cularly in  the  fouthern  ocean  like  walls  are  deferibed  in  Cook’s 
Voyages,  a point  of  one  of  thefe  rocks  broke  off  and  ftuck  in  the 
hole  which  it  had  made  in  the  bottom  of  one  of  his  Ihips, 
which  would  otherwife  have  periflied  by  the  admifTion  of  water. 
The  numerous  lime-ftone  rocks  which  confifl  of  a congeries  of 
the  cells  of  thefe  animals  and  which  conftitute  a great  part  of  the 
folid  eartli  (hew  their  prodigious  multiplication  in  all  ages  of  the 
world.  Specimens  of  thefe  rocks  are  to  be  feen  in  the  Lime- 
works  at  Linfel  near  Newport  in  Shropdiire,  in  Coal-brook 
Dale,  and  in  many  parts  of  the  Peak  of  Derbydiire.  The  in- 
fe6l  has  been  well  deferibed  by  M.  PeylTonnel,  Ellis,  and  others. 
Phil.  Tranf.  Vol.  XLVII.  L.  LIT.  and  LVII. 

Meet  fell  Teredo.  1.  91.  See  additional  notes,  No.  XXX. 

Turn  the  broad  helm,  1.  93.  See  additional  notes,  No.  XXXI. 
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Springs  o’er  the  fear-froze  crew  with  harpy-claws, 
Down  his  deep  den  the  whirling  velTel  draws ; lOO 
Churns  with  his  bloody  mouth  the  dread  repaft. 
The  booming  waters  murmuring  o’er  the  maft. 

III.  Where  with  chill  frown  enormous  Alps 
alarms 

A thoufand  realms,  horizon’d  in  his  arms ; 

While  cloudlefs  funs  meridian  glories  filed 
From  fkics  of  filver  round  his  hoary  head, 

Tall  roeks  of  ice  refradl  the  coloured  rays, 

And  Froft  fits  throned  amid  the  lambent  blaze ; 
Nymphs  ! your  thin  forms  pervade  his  glitter- 
ing piles. 

His  roofs  of  cryflial,  and  his  glaffy  ailes  ; no 

Where  in  cold  caves  imprlfoned  Naiads  fleep. 

Or  chain’d  on  moffy  couches  wake  and  w^eep  ; 
Where  round  dark  crags  indignant  Waters  bend 
Through  rifted  ice,  in  ivory  veins  defeend. 

Seek  through  unfathom’d  fnow^s  their  devious  track, 
Heave  the  vaft  fpars,  the  ribbed  granites  crack, 

fV)}ere  round  dark  crags.  1.  113.  See  additional  notes,  No. 
XXXII. 

Heave  the  vaji  fpars.  1.  116.  Water  in  defeending  down 
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Rufti  into  day,  in  foamy  torrents  ihine, 

And  fwell  the  imperial  Danube  or  the  Rhlre.-— * 

Or  feed  the  murmuring  Tiber,  as  he  laves 

His  realms  inglorious  with  diminlflTd  waves,  I20 

elevated  fituations  if  the  outlet  for  it  below  is  not  fu  ’’cient  for 
its  emiffion  adts  with  a force  equal  to  the  height  of  the  column, 
as  is  feen  in  an  experimental  machine  called  the  philofophical 
bellows,  in  which  a few  pints  of  water  are  made  to  raife  many 
hundred  pounds.  To  this  caufe  is  to  be  aferibed  many  large 
promontories  of  ice  being  occafionally  thrown  down  from  the 
Glaciers ; rocks  have  likewife  been  thrown  from  the  fides  of 
mountains  by  the  fame  caufe,  and  large  portions  of  earth  have 
been  removed  many  hundred  yards  from  their  fituat  ns  at  the 
foot  of  mountains.  On  infpedting  the  locomotion  of  about 
thirty  acres  of  earth  with  a fmall  houfe  near  Bilder’s  Bridge  in 
Shropfhlre,  about  twenty  years  ago,  fiom  the  fool  of  a mountain 
towards  the  river,  I well  remember  it  bore  all  the  marks  of  hav- 
ing been  thus  lifted  up,  puftied  away,  and  as  it  were  crumpled 
into  ridges,  by  a column  of  water  contained  in  the  mountain. 

From  water  being  thus  confined  in  high  columns  between 
the  ffrata  of  mountainous  countries  it  has  often  happened,  when 
wells  or  perforations  have  been  made  into  the  earth,  that  fprlngs 
have  arifen  much  above  the  furface  of  the  new  well.  When 
the  new  bridge  was  building  at  Dublin,  Mr.  G.  Semple  found  a 
fprlng  in  the  bed  ot  the  river  where  he  meant  to  lay  the  foun- 
dation of  a pier,  which,  by  fixing  iron  pipes  into  it,  he  raifed 
many  feet.  Treatife  on  Building  in  VV^ater,  by  G.  Semple, 
From  having  obferved  a valley  north  weft  of  St.  Alkmond  s 
well  near  Derby,  at  the  head  of  which  that  Ipring  of  water  once 
probably  cxlfted,  and  by  its  current  formed  the  valley,  (but 
which  in  after  times  found  its  way  out  in  its  prclent  fituation,) 
1 fufpccl  that  St.  Aikmond’s  well  might  by  builuing  round  it  be 
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Hears  his  lorn  Forum  found  with  Eunuch-ftrains, 

* 

Sees  dancing  flaves  infult  his  martial  plains; 

Parts  with  chill  ftream  the  dim  religious  bovver, 
Time-mouldered  baftion,  and  difmantled  tow’er ; 
By  alter’d  fanes  and  namelefs  villas  glides. 

And  claffic  domes,  that  tremble  on  his  fides ; 

Sighs  o’er  each  broken  urn,  and  yawning  tomb. 
And  mourns  the  fall  of  Liberty  and  Rome. 


IV.  ‘^Sailing  in  air,  when  dark  Monsoon  in- 
llirouds 

His  tropic  mountains  in  a night  of  clouds ; 130 


raifecl  high  enough  to  fupply  many  Greets  in  Derby  with  fpring- 
water  which  are  now  only  fupplied  with  river-water.  See  an 
account  of  an  artificial  fpring  of  water,  Phil.  Tranf.  Vol. 
LXXV.  p.  I. 

In  making  a well  at  Sheernefs  the  water  rofe  300  feet  al>ovc 
its  fource  in  the  well.  Phil.  Tranf.  Vol.  LXXIV.  And  at 
Hartford  in  Connedficut  there  is  a well  which  was  dug  feventy 
feet  deep  before  water  was  found,  then  in  boring  an  auger-hole 
through  a rock  the  water  rofe  fo  fafl  as  to  make  it  difficult  to 
keep  it  dry  by  pumps  till  they  could  blow  the  hole  larger  by 
gunpowder,  which  was  no  fooncr  accompliffied  than  it  filled 
and  run  over,  and  has  been  a brook  for  near  a century.  Travels 
through  America.  Lond.  1789.  Lane. 

Dark  monfoon  in/hrouJs.  1.  129*  When  from  any  peculiar 
fituations  of  land  in  refpecl  to  fea  the  tropic  becomes  more 
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Or  drawn  by  whirlwinds  from  the  Line  returns. 
And  fhowers  o’er  Afric  all  his'thoufand  urns; 
High  o’er  his  head  the  beams  of  Sirius  glow,  • 
And,  Dog  of  Nile,  Anubis  barks  below. 

Nymphs  ! you  from  cliff  to  cliff  attendant 
guide 

In  headlong  cataracts  the  impetuous  tide ; 

heated,  when  the  fun  is  vertical  over  it,  than  the  line,  the  pe- 
riodical winds  called  monfoons  are  produced,  and  thefe  are  at- 
tended by  rainy  feafons ; for  as  the  air  at  the  tropic  is  now  more 
heated  than  at  the  line  it  afcends  by  decreafe  of  its  fpccific  gra- 
vity, and  floods  of  air  rufh  in  both  from  the  South  Weft  and 
North  Eaft,  and  thefe  being  one  warmer  than  the  other  the  rain 
is  precipitated  by  their, mixture,  as  obferved  by  Dr.  Hutton.  See 
additional  notes.  No.  XXV.  All  late  travellers  have  afcribed 
the  rife  of  the  Nile  to  the  monfoons  which  deluge  Nubia  and 
Abyflinia  with  rain.  The  whirling  of  the  afcending  air  was 
even  feen  by  Mr.  Bruce  in  Abyflinia ; he  fays,  “ every  morn- 
“ ing  a fmall  cloud  began  to  whirl  round,  and  prefcntly  after 
“ the  whole  heavens  became  covered  with  clouds,”  by  this  vor- 
tex of  afcending  air  the  N.  E.  winds  and  the  S.W.  winds 
which  flow  in  to  fupply  the  place  of  the  afcending  column,  be- 
came mixed  more  rapidly  and  depofited  their  rain  in  greater 
abundance. 

Mr.  Volncy.obferves  that  the  time  of  the  rifing  of  the  Nile 
commences  about  the  19th  of  June,  and  that  AbyflTinia  and  the 
adjacent  parts  of  Africa  are  deluged  with  rain  in  May,  June,  and 
July,  and  produce  a mafs  of  water  which  is  three  months  in 
draining  off.  The  Abbe  La  Pluche  obferves  that  as  Sirius,  or 
the  dog-ftar,  rofeat  the  time  of  the  commencement  of  the  flood 
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Or  lead  o’er  wafles  of  Abyffinian  fands 
The  bright  expanfe  to  Egypt’s  fhowcr-lefs  lands. 
— Her  long  canals  the  facred  waters  fill. 

And  edge  with  filver  every  peopled  hill ; 140 

its  rifing  was  watched  by  the  aftronomers,  and  notice  given  of 
the  approach  of  inundation  by  hanging  the  figure  of  Anubis, 
which  was  that  of  a man  with  a dog’s  head,  upon  all  their  tem- 
ples. Hiftoire  de  Ciel. 

Egypt* s Jhoiver-lefs  lands.  1.  138.  There  feem  to  be  two 
fituations  which  may  be  conceived  to  be  exempted  from  rain 
falling  upon  them,  one  where  the  conftant  trade-winds  meet 
beneath  the  line,  for  here  two  regions  of  warm  air  are  mixed 
together,  and  thence  do  not  feem  to  have  any  caufe  to  precipi- 
tate their  vapour ; and  the  other  is,  where  the  winds  are  brought 
from  colder  climates  and  become  warmer  by  their  contadi  with 
the  earth  of  a warmer  one.  Thus  Lower  Egypt  is  a flat  coun- 
try warmed  by  the  fun  more  than  the  higher  lands  on  one  fide 
of  it,  and  than  the  Mediterranean  on  the  other ; and  hence  the 
winds  which  blow  over  it  acquire  greater  warmth,  whichever 
way  they  come,  than  they  pofTefled  before,  and  in  confequence 
have  a tendency  to  acquire  and  not  to  part  with  their  vapour  like 
the  north-caft  winds  of  this  country.  There  is  faid  to  be  a nar- 
row fpot  upon  the  coaftof  Peru  where  rain  feldom  occurs,  at  the 
fame  tim®  according  to  Ulloa  on  the  mountainous  regions  of  the 
Andes  beyond  there  is  almoft  perpetual  rain.  For  the  wind 
blows  uniformly  upon  this  hot  part  of  the  coaft  of  Peru,  but  no 
caufe  of  devaporation  occurs  till  it  begins  to  afeend  the  moun- 
tainous Andes,  and  then  its  own  expanfion  produces  cold  fuffleient 
to  condenfe  its  vapour. 
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Gigantic  Sphinx  in  circling  waves  admire. 

And  Memnon  bending  o’er  his  broken  lyre ; 

O’er  furrow’d  glebes  and  green  favannas  fweep, 
And  towns  and  temples  laugh  amid  the  deep. 

t 

V.  1.  ‘‘  High  in  the  frozen  North  where  Heg- 
CLA  glows. 

And  melts  in  torrents  his  coeval  fnows ; 

O’er  ifles  and  oceans  fheds  a fanguine  light, 

Or  Ihoots  red  ftars  amid  the  ebon  night ; 

When,  at  his  bafe  intomb’d,  with  bellowing  found 
Fell  Giesar  roar’d,  and  ftruggling  Ihook  the 
ground;  150 

Fell  Gief or  roar'd.  1.  150.  The  boiling  Column  of  water  at 
Giefar  in  Iceland  was  nineteen  feet  in  diameter,  and  fometimes 
rofe  to  the  height  of  ninety-two  feet.  On  cooling  it  depofited 
a filiceous  matter  or  chalcedony  forming  a bafon  round  its  bafe. 
The  heat  of  this  water  before  it  rofe  out  of  tbe  earth  could  not 
be  afcertained,  as  water  lofes  all  its  heat  above  212  (as  foon  as  it 
is  at  liberty  to  expand)  by  the  exhalation  of  a part,  but  the  flinty 
bafon  which  is  depofiied  from  it  fhews  that  water  with  great  de- 
grees ot  heat  will  diflblve  filiceous  matter.  Van  Troll’s  Letters 
on  Iceland.  Since  the  above  account  in  the  year  1780  this  part 
of  Iceland  has  been  deftroyed  by  an  earthquake  or  covered  with 
lava,  which  was  probably  effedled  by  the  force  of  aqueous  fleam, 
a greater  quantity  of  water  falling  on  the  fubterraneous  fires 
than  could  efcape  by  the  antient  outlets  and  generating 
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Pour’d  from  red  noftrils,  with  her  fcalding  breath 
A boiling  deluge  o’er  the  blafted  heath ; 

And,  wide  in  air,  in  mifty  volumes  hurl’d 
Contagious  atoms  o’er  the  alarmed  world ; 
Nymphs!  your  bold  myriads  broke  the  infernal 
fpell. 

And  crufh’d  the  Sorccrcfs  in  her  flinty  cell. 

2.  Where  with  foft  fires  in  unextinguifli’d 
urns, 

Cauldron’d  in  rock,  innocuous  Lava  burns ; 

On  the  bright  lake  your  gelid  hands  diflil 
In  pearly  fiiowers  the  parfimonious  rill;  160 

And,  as  aloft  the  curling  vapours  rife 
Through  the  cleft  roof,  ambitious  for  the  Ikies, 

In  vaulted  hilis  condenfe  the  tepid  fleams. 

And  pour  to  Health  the  medicated  flreams. 

— So  in  green  vales  amid  her  mountains  bleak 
Buxtonia  fmiles,  the  Goddefs-Nymph  of  Peak ; 

rating  an  Increared  quantity  of  vapour.  For  the  difperfion  of 
contagious  vapours  from  volcanoes,  fee  an  account  of  the  Har- 
maltan  in  tlie  notes  on  Chunda,  Vol.  II. 

Buxtonia  fmtlcs.  1.  166.  Some  arguments  are  mentioned  in  the 
note  on  Fucus,'  Vol,  II.  to  fltcvv  that  the  warm  fprings  of 
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Deep  in  warm  waves,  and  pebbly  baths  fhe  dwells, 
And  calls  Hygeia  to  her  fainted  wells. 

‘‘Hither  in  fportive  bands  bright  Devon  leads 
Graces  and  Loves  from  Chatfworth’s  flowery 
meads,  1 70 

Charm’d  round  the  Nymph,  they  climb  the  rifted 
rocks ; 

And  fteep  in  mountain-mill  their  golden  locks ; 
On  venturous  Hep  her  fparry  caves  explore. 

And  light  with  radiant  eyes  her  realms  of  ore ; 

— Oft  by  her  bubbling  founts,  and  Ihadowy 
domes. 

In  gay  undrefs  the  fairy  legion  roams. 

Their  dripping  palms  in  playful  malice  fill. 

Or  tafte  with  ruby  lip  the  fparkling  rill ; 


this  country  do  not  arife  from  the  decompofition  of  pyrites  near 
the  furface  of  the  earth,  but  that  they  are  produced  by  fleam 
rifing  up  the  fiffures  of  the  mountains  from  great  depths,  owing 
to  water  falling  on  fubterraneous  fires,  and  that  this  fleam  is 
condenfed  between  the  flrata  of  the  incumbent  mountains  and 
collefted  into  fprings.  For  further  proofs  on  this  fubjefk  the 
reader  is  referred  to  a Letter  from  Dr.  Darwin  in  Mr.  Pilking- 
ton’s  View  of  Derbyfhire,  Vol.  I.  p.  356. 
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Crowd  round  her  baths,  and,  bending  o’er  the  fide, 
Unclafp’d  their  fandaU,  and  their  zones  un- 
tied, 1 80 

Dip  with  gay  fear  the  Ihuddering  foot  undrefs’d. 
And  quick  rctra6l  it  to  the  fringed  veil ; 

Or  cleave  w'ith  brandifh’d  arms  the  lucid  ftream, 
And  fob,  their  blue  eyes  twinkling  in  the  fleam. 


jind  fob,  their  blue  eyes.  1.  184.  The  bath  at  Buxton  being 
of  8a  degrees  of  heat  is  called  a warm  bath,  and  is  fo  compare4 
with  common  fpring-^w^ter  which  poCTcfles  but  48  degrees  of 
heat,  but  is  neverthelefs  a cold  bath  compared  to  the  heat  of  the 
body  which  is  98.  On  going  into  this  bath  there  is  therefore 
always  a chill  perceived  at  the  firft  immerfion,  but  after  having 
been  in  it  a minute  the  chill  ceafes  and  a fenfation  of  w'armth 
fucceeds  though  the  body  continues  to  be  immerfed  in  the  water. 
The  caufe  of  this  curious  phenomenon  is  to  be  looked  for  in  the 
laws  of  animal  fenfation  and  not  from  any  properties  of  heat. 
When  a perfon  goes  from  clear  day-light  into  an  obfeure  room 
for  a while  it  appears  gloomy,  which  gloom  however  in  a little 
time  ceafes,  and  the  deficiency  of  light  becomes  no  longer  per- 
ceived. This  is  not  folely  owing  to  the  enlargement  of  the  iris  of 
the  eye,  fince  that  is  performed  in  an  inftant,  but  to  this  law  of 
fenfation,  that  when  a lefs  flimulus  is  applied  (within  certain 
bounds)  the  fenfibilily  increafes.  Thus  at  going  into  a bath  as 
much  colder  than  the  body  as  that  of  Buxton,  the  diminution 
of  heat  on  the  fkin  is  at  firft  perceived,  but  in  about  a minute 
the  fenfibility  to  heat  increafes,  and  the  nerves  of  the  fkin  are 
equally  excited  by  the  Icflened  ftimulus.  The  fenfation  of 
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— High  o’er  the  chequer’d  vault  with  tranhent 
glow 

Bright  luftres  dart,  as  dalh  the  waves  below ; 

And  Echo’s  fweet  refponfive  voice  prolongs 
The  dulcet  tumult  of  their  lilver  tongues. — 

O’er  their  flufh’d  cheeks  uncurling  trelTes  flow, 
And  dew-drops  glitter  on  their  necks  of  fnow ; 190 
Round  each  fair  Nymph  her  dropping  mantle 
clings, 

And  Loves  emerging  fliake  their  fhowery  wings. 


**  Here  oft  her  Lord  furveys  the  rude  domain. 
Fair  arts  of  Greece  triumphant  in  his  train ; 

Lo  ! as  he  fleps,  the  column’d  pile  afeends. 

The  blue  roof  clofes,  dr  the  crefeent  bends ; 


warmth  at  emerging  from  a cold-bath,  and  the  pain  called  the 
hot-ach,  after  the  hands  have  been  immerfed  in  fnow,  depend  on 
the  fame  principle,  viz.  the  increafed  fenfibility  of  the  fkin  after 
having  been  previoufly  expofed  to  a ftimulus  lefs  than  ufual. 

Here  oft  her  Lord.  1,  193.  Alluding  to  the  magnificent  and 
beautiful  crefeent,  and  fuperb  ftables,  lately  erefted  at  Buxton 
for  the  accommodation  of  the  company  by  the  Duke  of  Devon- 
Hiire ; and  to  the  plantations  with  which  he  has  decorated  the 
fwrrounding  mountains. 
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New  woods  afpirlng  clothe  their  hills  with  green. 
Smooth  dope  the  lawns,  the  grey  rock  peeps  be- 
tween ; 

Relenting  Nature  gives  her  hand  to  Tafte,  199 
And  Health  and  Beauty  crown  the  laughing  wafte. 

VI.  ‘‘Nymphs!  yohr  bright  fquadrons  watch 
with  chemic  eyes 

The  cold-elaftic  vapours,  as  they  rife  ; 

With  playful  force  arreft  them  as  they  pafs^. 

And  to  pure.  A;r  betroth  the  fianimg  Gas. 


And  to  pure  air.  1.  204.  Until  very  lately  water  was  efteemed 
^ fimple  elejTient,  nor  are  all  the  mod  celebrated  chemifts  of 
Europe  yet  converts  to  the  new  opinion  of  its  decoinpofition, 
Mr.  Lavoifier  and  others  of  the  French  fchool  have  mod  inge- 
nioufly  endeavoured  to  fliew  that  water  conllfts  of  pure  air,, 
called  by  them  oxygene,  and  of  inflammable  air,  called  hydro- 
gene, with  as  much  of  the  matter  of  heat,  or  calorique,  as  is 
neceflTary  to  preferve  them  in  the  form  of  gas.  Gas  is  dif- 
tinguilhed  from  fleam  by  its  preferving  its  elafticity  under  the 
jireflure  of  the  atmol'phere,  and  in  the  greateft  degrees  of  cold 
yet  known.  The  hiftory  of  the  progrefs  of  this  great  difeovery 
is  detailed  in  the  Memoirs  of  the  Royal  Academy  for  1781,  and 
the  experimental  proofs  of  it  are  delivered  in  Lavoi Tier’s  Ele- 
ments of  Chemilfry.  The  refults  of  which  are  that  water  con- 
fifts  of  eighty-five  parts  by  weight  of  oxygene,  and  fifteen  parts 
by  weight  of  hydrogene,  with  a fufficient  quantity  of  calorique. 
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Round  their  tranflucent  forms  at  once  they  fling 
Their  rapturous  arms,  with  filver  bofoms  cling ; 

In  fleecy  clouds  their  fluttering  wings  extend. 

Or  from  the  fkies  in  lucid  fliowers  defcend ; 
Whence  rills  and  rivers  owe  their  fecret  birth. 
And  Ocean’s  hundred  arms  infold  the  earth.  310 

So,  robed  by  Beauty’s  Queen,  with  fofter 
charms 

Saturnia  woo’d  the  Thunderer  to  her  arms; 
O’er  her  fair  limbs  a veil  of  light  Ihe  fpread. 

And  bound  a flarry  diadem  on  her  head; 

L^ng  braids  of  pearl  her  golden  trefles  grac’d. 
And  the  charm’d  Cestus  fparkled  round  her 
waift. 


Not  only  numerous  chemical  phenomena,  but  many  atmofphe- 
rical  and  vegetable  fa6ts  receive  clear  and  beautiful  elucidation 
from  this  important  analyfis.  In  the  atmofphere  inflammable 
air  is  probably  perpetually  uniting  with  vital  air,  and  producing 
moifture  which  dcfccnds  in  dews  and  Ihowers,  while  the  growth 
of  vegetables  by  the  affiflance  of  light,  is  perpetually  again  de- 
compoflng  the  water  they  imbide  from  the  earth,  and  while  they 
retain  the  inflammable  air  for  the  formation  of  oils,  wax,  honey, 
refin,  gcc.  they  give  up  the  vital  air  to  repleniflr  the  atmo- 
fphere. 
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Raifed  o cr  the  woof,  by  Beauty’s  hand  in- 
wrought. 

Breathes  the  fbft  Sigh,  and  glows  the  enamour’d 
Thought ; 

Vows  on  light  wings  fuccced,  and  quiver’d  Wiles, 
AlTuafive  Accents,  and  fedu(5live  Smiles,  220 
' Slow  rolls  the  Cyprian  car  in  purple  pride. 

And,  fteer  d by  Love,  afcends  admiring  Ide; 
Climbs  the  green  dopes,  the  nodding  woods  per- 
vades. 

Burns  round  the  rocks,  or  gleams  amid  the 
iliades. — 

Glad  Zephyr  leads  the  ran,  and  waves  above 
The  barbed  darts,  and  blazing  torch  of  Love  ; 
Reverts  his  fmiling  face,  and  paufing  flings 
Soft  fliowers  of  rofes  from  aurelian  wings. 
Delighted  Fawns,  in  wreaths  of  flowers  array’d,  ' 
With  tiptoe  Wood-Boys  beat  the  chequer’d  glade ; 

And  Per' d lyLcvc.  J.  222.  The  younger  Love,  or  Cupid, 
the  Ton  of  \ enus,  owes  his  cxiftence  and  his  attributes  to  much 
later  times  than  the  Eros,  or  divine  Love,  mentioned  in  Canto  I. 
fince  the  former  is  no  where  mentioned  by  Homer,  though  fo 
many  apt  opportunities  of  introducing  him  occur  in  the  works  of 
that  immortal  bard.  Bacon. 
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Alarmed  Naiads,  rifing  into  air,  23  J 

Lift  o’er  their  filver  urns  their  leafy  hair; 

Each  to  her  oak  the  balliful  Dryads  fhrink. 

And  azure  eyes  are  fecn  at  every  chink. 

— Love  culls  a flaming  fhaft  of  broadeft  wing. 
And  refls  the  fork  upon  the  quivering  firing  ; 
Points  his  arch  eye  aloft,  with  fingers  flrong 
Draws  to  his  curled  ear  the  hlken  thong; 

Loud  tw'angs  the  fleel,  the  golden  arrow  flies. 
Trails  a long  line  of  luflre  through  the  fkics;  240 
♦^’Tis  done!”  he  fhouts,  “the  mighty  Monarch 
feels!” 

And  with  loud  laughter  fhakes  the  filver  wheels ; 
Bends  o’er  the  car,  and  w'hirling,  as  it  moves. 

His  loofen’d  bowfiring,  drives  the  rifing  doves. 

' — Pierced  on  his  throne  the  flarting  Thunderer 
turns. 

Melts  with  foft  fighs,  with  kindling  rapture  burns; 
Claps  her  fair  hand,  and  eyes  in  fond  amaze 
The  bright  Intruder  with  enamour’d  gaze. 

“ And  leaves  my  Goddefs,  like  a blooming  bride, 
“ The  fanes  of  Argos  for  the  rocks  of  Ide  ? 250 

“ Her  gorgeous  palaces,  and  amaranth  bowers, 

*■  For  clifF-top’d  mountains,  and  aerial  towers?” 
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He  faid  ; and,  leading  from  her  ivory  feat 
The  blufhing  beauty  to  his  lone  retreat. 

Curtain’d  with  night  the  couch  imperial  fhrouds. 
And  rclls  the  crimfon  cufhions  upon  clouds. — 
Earth  feels  the  grateful  influence  from  above. 
Sighs  the  fbft  Air,  and  Ocean  murmurs  love ; 
Ethereal  Warmth  expands  his  brooding  wing,  259 
And  in  ftill  fhowxrs  defcends  the  genial  Spring. 


^nd  In  Jim  J^owers,  1.  26c.  The  allegorical  interpretation 
of  the  very  antient  mythology  which  fuppofes  Jupiter  to  repre- 
fent  the  fuperior  part  of  the  atmofphere  or  ether,  and  Juno  the 
inferior  air,  and  that  the  conjun6lion  of  thefe  two  produces  ver- 
nal fhowers,  as  alluded  to  in  Virgil’s  Georgies,  is  fo  analogous  to 
the  prefent  important  difeovery  of  the  produdlion  of  water  from 
pure  air,  or  oxygene,  and  inflammable  air,  orhydrpgene.  (which 
from  its  greater  levity  probably  rcfides  over  the  former,)  that 
one  fhould  be  tempted  to  believe  that  the  very  antient  chemifls 
of  Egypt  had  difeovered  the  compofition  of  water,  and  thus  rp- 
prefeuted  it  in  their  hieroglyphic  figures  before  the  invention  of 
letters. 

In  the  paffage  of  Virgil  Jupiter  is  called  ether,  and  defcends 
in  prolific  fliowers  on  the  bofom  of  Juno,  whence  the  fpring 
fucceeds  and  all  nature  rejoices. 

Turn  pater  omnipotens  foecundis  imbribus  ^ther 
Conjugis  in  gremium  lastac  defeendit,  et  omnes 
Magnus  alit,  magno  commixtus  corpore,  foetus. 

Virg.  Georg.  Lib.  II.  1.  325. 
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VII.  Nymphs  of  aquatic  Taste  ! whofe 
placid  fmlle 

Breathes  fweet  enchantment  o’erBRiTANNi  a’s  ifle; 
Whofe  fportlve  touch  in  Ihowers  refplendent  flings 
Her  lucid  cataracts,  and  her  bubbling  iprings ; 
Through  peopled  vales  the  liquid  filver  guides, 
And  fwells  in  bright  expanfe  her  freighted  tides. 
You  with  nice  ear,  in  tiptoe  trains,  pervade 
Dim  walks  of  morn  or  evening’s  filent  flaade  ; 
Join  the  lone  Nightingale,  her  woods  among. 
And  roll  your  rills  fymphonious  to  her  fong;  270 
Through  fount-full  dells,  and  wave-worn  valleys 
move. 

And  tune  their  echoing  waterfalls  to  love  ; 

Or  catch,  attentive  to  the  diftant  roar. 

The  paufing  murmurs  of  the  dafhing  fliore  ;• 

Or,  as  aloud  fhc  pours  her  liquid  fl;rain, 

Purfuc  the  Nereid  on  the  twilight  main. 

— Her  playful  Sea-horfe  woos  her  foft  commands, 
Turns  his  quick  ears,  his  webbed  claws  expands. 
His  v:atery  way  with  waving  volutes  wins. 

Or  liftening  librates  on  unmoving  fins.  280 

Her  playful  Sea-horfe.  1.  277.  Defcribed  from  an  antique  gem. 
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The  Nymph  emerging  mounts  her  fcaly  feat. 
Hangs  o er  his  glofly  hdes  her  fiver  feet, 

With  fnow-w'hite  hands  her  arching  veil  detains. 
Gives  to  his  flimy  lips  the  flacken’d  reins. 

Lifts  to  the  ftar  of  Eve  her  eye  ferene, 

And  chaunts  the  birth  of  Beauty’s  radiant  Queen. 
O’er  her  fair  brow  her  pearly  comb  unfurls 
Her  beryl  locks,  and  parts  the  waving  curls. 

Each  tangled  braid  with  gliftening  teeth  unbinds. 
And  with  the  floating  treafure  mufks  the  winds. — 
Thrill’d  by  the  dulcet  accents,  as  flie  fings,  291 
The  rippling  wave  in  w idening  circles  rings ; 
Night’s  fliadowy  forms  along  the  margin  gleam 
With  pointed  ears,  or  dance  upon  the  flream  ; 
The  Moon  tranfported  flays  her  bright  career, 

And  maddening  Stars  flioot  headlong  from  the 
fphere. 

■ VIII.  Nymphs  ! whofe  fair  eyes  with  vivid 
luflres  glow 

For  human  weal,  and  melt  at  human  woe ; 

Late  as  YOtT  floated  on  your  filver  fhells,  299 
Sorrowing  and  flow  by  Derwent’s  willowy  dells ; 
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Where  by  tall  groves  his  foamy  flood  he  fleers 
Through  ponderous  arches  o’er  impetuous  wear3, 
By  Derby’s  fliadowy  towers  reflective  fweeps. 
And  gothic  grandeur  chills  his  dulky  deeps ; ' 

You  pearl’d  with  Pity’s  drops  his  velvet  fldes. 
Sigh’d  in  his  gales,  and  murmur’d  in  his  tides. 
Waved  o’er  his  fringed  brink  a deeper  gloom, 
And  bow’d  his  alders  o’er  Milcena’s  tomb. 

Oft  with  fweet  voice  She  led  her  infant-train. 
Printing  with  graceful  flep  his  fpangled  plain,  310 
Explored  his  twinkling  fwarms,  that  fwim  or  fly. 
And  mark’d  his  florets  with  botanic  eye. — 

**  Sweet  bud  of  Spring  ! how  frail  thy  tranfient 
“ bloom. 

Fine  film,”  fhe  cried,  of  Nature’s  faireft 
loom  ! 

Soon  Beauty  fades  upon  its  damafk  throne !” — 
— Unconfeious  of  the  worm,  that  mined  her 
own ! — 


O'er  Milcem's  tomb,  1.  308.  In  memory  of  Mrs.  French, 
a lady  who  to  many  other  elegant  accompli  fitments  added  a 
proficiency  in  botany  and  natural  hiHory. 


economy  Of'  Canto  IIL 
— Pale  are  thofe  lips,  were  foft  carelTes  hung. 
Wan  the  warm  cheek,  and  mute  the  tender 
tongue. 

Cold  refts  that  feeling  heart  on  Derwent’s  fliore. 
And  thofe  love- lighted  eye-balls  roll  no  more!  350 

1. 

**  Here  her  fad  Confort,  fteallng  through  the 
gloom 

Of  murmuring  cloyfters,  gazes  on  her  tomb. 
Hangs  in  mute  anguilh  o’er  the  fcutcheon’d 
hearfe. 

Or  graves  with  trembling  flyle  the  votive  verfe. 

“ Sexton  ! oh,  lay  beneath  this  facred  fhrine, 
When  Time’s  cold  hand  {hall  clofe  my  aching 
eyes. 

Oh,  gently  lay  this  wearied  earth  of  mine, 

“ VVhere  wrap’d  in  night  my  loved  Milcena  lies. 
So  {hall  with  purer  joy  my  fpirit  move,  329 
When  the  lafl  trumpet  thrills  the  caves  of  Death, 
Catch  the  {irlb  whifpers  of  my  waking  love. 
And  drink  with  holy  kifs  her  kindling  breath. 

“ The  fpotlefs  Fair,  with  blulli  ethereal  warm, 
“ Shall  hail  with  fwceter  fmile  returning  day. 
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“ Rife  from  her  marble  bed  a brighter  form. 

And  win  on  buoyant  Rep  her  airy  way. 

Shall  bend  approved,  where  beckoning  hofls 
invite. 

On  clouds  of  filver  her  adoring  knee. 

Approach  with  Seraphim  the  throne  of  light, 

— And  Beauty  plead  with  angel-tongue  for 
Me !”  340 

IX.  “ Your  virgin  trains  on  Brindley’s  cradle 
fmiled, 

And  nurfed  with  fairy-love  the  unletter’d  child, 
Spread  round  his  pillow  all  your  fecret  fpells. 
Pierced  all  your  fprings,  and  open’d  all  your  wells.  — 
As  now  on  grafs,  with  gloITy  folds  reveal’d, 

Glides  the  bright  fcrpcnt,  now  in  flowers  conceal’d; 
Far  fliine  the  fcales,  that  gild  his  finuous  back. 
And  lucid  undulations  mark  his  track; 

On  Brindley* s cradle  fmit*d.  I.34T.  The  life  of  Mr.  Brind- 
ley, whofe  great  abilities  in  the  conftrudlion  of  canal  naviga- 
tion were  called  forth  by  the  patronage  of  the  Duke  of  Bridge- 
water,  may  be  read  in  Dr.  Kippis’s  Biographia  Britannica  ; the 
excellence  of  his  genius  is  vifible  in  every  part  of  this  ifland. 
He  died  at  Turnhurft  in  Staffordfliire,  in  1772,  and  ought  to 
have  a monument  in  the  cathedral  church  at  Lichfield. 
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So  with  ftrong  arm  immortal  Brindley  leads 
His  long  canals,  and  parts  the  velvet  meads ; 350 
Winding  in  lucid  lines,  the  watery  mafs 
Mines  the  firm  rock,  or  loads  the  deep  morafs,. 
With  rifing  locks  a thoufand  hills  alarms, 

Flings  o’er  a thoufand  ftreams  its  filver  arms. 
Feeds  the  long  vale,  the  nodding  woodland  laves. 
And  Plenty,  Arts,  and  Commerce  freight  the  w'aves. 
- — Nymphs  ! who  erewhilc  round  Brindley’s^ 
early  bier 

On  fnow-w’hitebofoms  fliower’d  the  incefiant  tear. 
Adorn  his  tomb  ! — oh,  raife  the  marble  buft. 
Proclaim  his  honours,  and  protccl  his  dufi:  I 360 
With  urns  inverted  round  the  facred  Ihrinc 
Their  ozier  wreaths  let  weeping  Naiads  twine  ; 
While  on  the  top  Mechanic  Genius  ftands. 
Counts  the  fleet  waves,  and  balances  the  lands. 

X.  **  Nymphs  ! you  firft  taught  to  pierce  the 
fccret  caves 

Of  humid  earth,  and  lift  her  ponderous  waves ; 

JLyt  her  ponderous  ’Ujaves,  1,  366.  Tlie  Invention  of  the 
pump  is  of  verv  antient  date,  being  aferibed  to  one  Ctefebes  an 
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Bade  with  quick  ftroke  the  Aiding  pifton  bear 
The  viewlefs  columns  of  incumbent  air  ; — 
Prefs’d  by  the  incumbent  air  the  floods  below. 
Through  opening  valves  in  foaming  torrents  flow. 
Toot  after  foot  with  leflen’d  impulfe  move,  371 
And  rifing  feek  the  vacancy  above. — 

So  when  the  Mother,  bending  o’er  his  charms, 
Clafps  her  fair  nurfeling  in  delighted  arms; 
Throws  the  thin  kerchief  from  her  neck  of  fnow. 
And  half  unveils  the  pearly  orbs  below  ; 

With  fparkling  eye  the  blamelefs  Plunderer  owms 
tier  foft  embraces,  and  endearing  tones. 


Athenian,  whence  it  was  called  by  the  Latins  machina  Ctefe- 
biana ; but  it  was  long  before  it  was  known  that  the  afeent  of  the 
pifton  lifted  the  fuperincumbent  column  of  the  atmofphere,  and 
that  then  the  prefTure  of  the  furrounding  air  on  the  fur  face  of 
the  well  below  forced  the  water  up  into  the  vacuum,  and  that 
on  that  account  in  the  common  lifting  pump  the  water  would 
rife  only  about  thirty-five  feet,  as  the  weight  of  fuch  a column 
of  water  was  in  general  an  equipoife  to  the  furrounding  atmo- 
fphere. The  foamy  appearance  of  water,  when  the  prefiure  of 
the  air  over  it  is  diminiflied,  isowing  to  the  expanfion  and  efcape 
of  the  air  previoully  diflblved  by  it,  or  cxifting  in  its  pores. 
"When  a child  firft  fucks  it  only  prefles  or  champs  the  teat,  as 
obferved  by  the  great  Harvey,  but  afterwards  it  learns  to  make 
an  incipient  vacuum  in  its  mouth,  and  a£ls  by  removing  the 
preflure  of  the  atmofphere  from  the  nipple,  like  a pump. 
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Seeks  the  falubrious  fount  with  opening  lips,  379 
Spreads  his  inquiring  hands,  and  fmiles,  and  lips. 

Connubial  Fair  ! whom  no  fond  tranf- 
port  warms 

1 o lull  your  infant  in  maternal  arms ; 

Who,  blefs’d  in  vain  with  tumid  bofoms,  hear 
His  tender  wailings  with  unfeeling  ear ; 

The  foothing  kifs  and  milky  rill  deny. 

To  the  fweet  pouting  lip,  and  gliftening  eye! — 
Ah!  what  avails  the  cradle’s  damafk  roof. 

The  eider  bolfter,  and  embroider’d  woof! 

Oft  hears  the  gilded  couch  unpity’d  plains. 

And  many  a tear  the  talTel’d  culhion  ftains ! 390 
No  voice  fb  fweet  attunes  his  cares  to  reft. 

So  foft  no  pillow,  as  his  Mother’s  breaft  ! — 

— Thus  charm’d  to  fweet  repofe,  when  twdlight 
hours 

Shed  their  foft  influence  on  celeftial  bow'ers. 

The  Cherub,  Innocence,  with  fmile  divine 
.Shuts  his  wdiite  wings,  and  fleeps  on  Beauty’s  fhrine. 

Ah!  vjhat  avails.  F387.  From  an  elegant  little  poem  of 
Mr.  Jerningham’s,  entitled  11  Latte,  exhorting  ladies  to  nurfe 
their  own  children. 
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XL  **  From  dome  to  dome  when  flames  in- 
furiate climb, 

Sweep  the  long  ftrect,  invefl:  the  tower  fublimc  ; 
Gild  the  tall  vanes  amid  the  aftonifh’d  night,  399 
And  reddening  heaven  returns  the  fanguine  light ; 
While  w’ith  vaft  ftrides  and  bridling  hair  aloof 
Pale  Danger  glides  along  the  falling  roof ; 

And  Giant  Terror  howling  in  amaze 
Moves  his  dark  limbs  acrofs  the  lurid  blaze. 
Nymphs  ! you  firft  taught  the  gelid  w'ave  to  rife, 
Hurl’d  in  refplendent  arches  to  the  ikies ; 


Hurl'd  in  refplendent  arches.  1.  406.  The  acklitlon  of  an  air- 
cell  to  machines  for  raifing  water  to  extlnguifh  fire  was  firll  in- 
troduced by  Mr.  Newfliam  of  London,  and  is  now  applied  to 
fimilar  engines  for  wafliing  wall  trees  in  gardens,  and  to  all 
kinds  of  forcing  pumps,  and  might  be  applied  with  advantage  to 
lifting  pumps,  where  the  water  is  brought  from  a great  diftanci 
horizontally.  Another  kind  of  machine  was  invented  by  one 
Greyl,  in  which  a veffel  of  water  was  every  way  difperfed  by  the 
explofion  of  gun-powder  lodging  in  the  centre  of  it,  and  lighted 
by  an  adapted  match ; from  this  idea  Mr.  Godfrey  propofed  a 
water-bomb  of  fimilar  confiru6lion.  Dr.  Hales  to  prevent  the 
fpreading  of  fife  propofed  to  cover  the  floors  and  flairs  of  the  ad- 
joining houfes  with  earth  ; Mr.  Hartley  propofed  to  prevent 
houfes  from  taking  fire  by  covering  the  deling  with  thin  iron- 
plates,  and  Lord  Mahon  by  a bed  of  coarfe  mortar  or  plaifler  be- 
tween the  cieling  and  floor  above  it.  May  not  this  age  of  che- 
rnical  fcicnce  djfcovcr  fome  method  of  injeding  or  foaking  tim- 
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In  iron  cells  coi>denfed  the  airy  fpring, 

And  imp  d the  torrent  with  unfailing  wing; 

— On  the  fierce  flames  the  fhower  impetuous  falis^ 
And  fuddendarknefsflirouds  thefliatter’d  walls;  410 
Steam,  fmoke,  and  dufl,  in  blended  volumes  rolh 
And  Night  and  Silence  rcpoflefs  the  Pole. — 


Where  were  ye,  Nymphs  ! in  thofe  difafter- 
ous  hours. 

Which  wrap’d  in  flames  Augusta’s  finking 
towers  ? 

Why  did  ye  linger  in  your  wells  and  groves. 
When  fad  Woo  DM  A SON  mourn’d  her  Infant  lovcs.^ 
When  thy  fair  Daughters  with  unheeded  fereams. 
Ill-fated  Moleswo^th  ! call’d  the  loitering 
flrcams  ? — 

The  trembling  Nymph,  on  bloodlefs  fingers  hung, 
Eyes  from  the  tottering  wall  the  diftant  throng,  4^0 


her  with  lime-water  and  afterwards  with  vitriolic  acid,  and  thus 
fill  its  pores  with  alabafier?  or  of  penetrating  it  with  filiccous 
matter,  by  procefTes  fimilar  to  thofe  of  Bergman  and  Achard  ? 
See  Cronftedt’s  Mineral.  2d.  edit.  Vol.  I.  p.  222. 

M'Godmafort,  Molcfvjorih.  ^\6.  The  hiflories  of  thefe  un- 
fortunate fanrjilies  may  be  feen  in  the  Annual  Regifier,  or  in  the 
Ocntlnnan’s  Magnzjne. 


Cai^toIII.  vegetation.  i5; 

With  ccafelefs  llirieks  her  fleeping  friends  akrms, 
Drops  with  fmgcd  hair  into  her  lover’s  arms. 

The  illumin’d  Mother  fceks  with  footfteps  fleet. 
Where  hangs  the  fafe  balcony  o’er  the  ftreet, 
Wrap’d  in  her  fheet  her  youngefl:  hope  fufpends, 
And  panting  lowers  it  to  her  tiptoe  friends ; 

Again  fhe  hurries  on  aft'e<flion’s  wings, 

And  now  a third,  and  now  a fourth,  fhe  brings ; 
Safe  all  her  babes,  flic  fmooths  her  horrent  brow, 
And  burfts  through  bickering  flames,  unfcorch’d 
below.  43*^ 

So,  by  her  Son  arraigned,  with  feet  unfhod 
O’er  burning  bars  indignant  Emma  trod. 

“ E’en  on  the  day  when  Youth  with  Beauty  wred. 
The  flames  furprifed  them  in  their  nuptial  bed  - 
Seen  at  the  opening  fafli  with  bofom  bare. 

With  wringing  hands,  and  dark  difhevel’d  hair. 
The  blufhing  Bride  with  wild  diforder’d  charms 
Round  her  fond  lover  wunds  her  ivory  arms  ; 

Beat,  as  they  clafp  their  throbbing  hearts  with  fear, 
And  many  a klfs  is  mixed  with  many  a tear; — 440 
Ah  me!  in  vain  the  labouring  engines  pour 
Round  their  pale  limbs  the  inefledual  fbow’er ! — 
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Then  cralh’d  the  floor,  while  Ihrinking  crouds 
retire, 

And  Love  and  Virtue  fun^  amid  the  fire  ! — 
With  piercing  fereams  afflidled  ftrangers  mourn, 
Ajid  their  white  aflies  mingle  in  their  urn. 

XII.  PijiLLUciD  Forms  ! whofe  cryllal  bo- 
foms  fliow 

The  fliine  of  welfare,  or  the  ftiade  of  woe  ; 

Who  with  fpft  lips  falute  returning  Spring, 

And  hail  the  Zephyr  quivering  on  his  wing  ;•  450 
Or  watch,  untired,  the  wdntry  clouds,  and  £hare 
With  ftreaming  eyes  my  vegetable  care ; 

Go,  fliQve  the  dim  mill  from  the  mountain’s 
brow. 

Chafe  the  white  fog,  which  floods  the  vale  below  j 
Melt  the  thick  fnows,  that  linger  on  the  lands. 
And  catch  the  hailflones  in  your  little  hands  ; 
Quard  the  coy  bloffom  from  the  pelting  flaower. 
And  dafh  the  rimy  fpanglps  from  the  bower, 

Sheve  the  dim  miji.  1.  453.  Sec  note  on  1,  20  of  tins  Canto, 
!^.atch  the  hail-J}oncs.  1.  456.  See  note  on  1.  15  of  this  Canto, 
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From  each  chill  leaf  the  filvery  drops  repel. 

And  clofe  the  timorous  floret’s  golden  bell.  460 

'From  each  chill  leaf.  1.  459.  The  upper  fide  of  the  leaf  is  the 

organ  of  vegetable  refpiration,  as  explained  in  the  additional  notes, 

No.  XXXVII,  hence  the  leaf  is  liable  to  Injury  from  much 

jnoifture  on  this  furface,  and  is  deftroyed  by  being  fmeared  with 

oil,  in  thefe  re:pe61s  refembling  the  lungs  of  animals  or  the  fpi- 

ucula  of  infects.  To  prevent  thefe  injuries  fome  leaves  repel 

the  dew-drops  from  their  upper  furfaces,  as  thofe  of  cabbages ; 

other  vegetables  clofe  the  upper  furfaces  of  their  leaves  together 

in  the  night  or  in  wet  weather,  as  the  fenfitive  plant ; others  only 

hang  their  leaves  downward,  fo  as  to  llioot  the  wet  from  them, 

as  kidney-beans,  and  many  trees.  See  note  on  1.  18  of  this 

Canto. 

« 

Golden  bell.  1.  460.  There  are  mufcles  placed  about  the  foot- 
flalks  of  the  leaves  or  leaflets  of  many  plants,  for  the  purpofe  of 
clofing  their  upper  furfaces  together,  or  of  bending  them  down 
fo  as  to  fhoot  off  the  fliowers  or  dew-drops,  as  mentioned  in  the 
preceding  note.  The  claws  of  the  petals  or  of  the  divifions  of 
the  calyx  of  many  flowers  are  furnllhcd  in  afimilar  manner  with 
mufcles,  which  are  exerted  to  open  or  dole  tlie  coral  and  calyx 
oJ  the  flower,  as  in  tragopogon,  anemone.  T his  a^iion  of  open- 
ing and  clofing  the  leaves  or  flowers  does  not  appear  to  be  pro- 
duced fimply  by  irritation  on  the  mufcles  themfelves,  but  by  the 
connexion  of  thofe  mufcles  with  a fenfitive  fenforium  or  brain 
exifting  in  each  individual  bud  or  flower,  ill.  Becaufe  many 
flowers  clofe  from  the  defed;  of  ftimulus,  not  by  the  excels  of  it, 
as  by  darknefs,  which  is  the  abfence  of  the  Itimulus  of  light ; or 
by  cold,  which  is  the  abfence  of  the  ftimulus  of  heat.  Now  the 
defed  of  heat,  or  the  abfence  of  food,  or  of  drink,  aflieds  our 
fenfatiom^  which  had  been  previoufly  accuftomed  to  a greater 
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So  fhould  young  SympatiFY,  in  female  form. 

Climb  the  tall  rock,  fpe<?latrefs  of  the  Iborm; 
Life’s  finking  wrecks  with  fecret  fighs  deplore. 

And  bleed  for  others  woes,  Herfelf  on  Ihore  ; 

To  friendlefs  Virtue,  gafping  on  the  flrand. 

Bare  her  warm  heart,  her  virgin  arms  expand. 
Charm  with  kind  looks,  with  tender  accents  cheer. 
And  pour  the  fwcet  confolatory  tear ; 

Griefs  curelefs  wounds  with  lenient  balms  alTuage, 
Or  prop  with  firmer  ftafF  the  ileps  of  Age  ; 470 

quantity  of  them  ; but  a mufcle  cannot  be  faid  to  be  Aimulatcd 
into  adtion  by  a defedl  of  ftimulus.  2nd.  Becaufe  the  mufclcs 
around  the  footftalks  of  the  fubdivilions  of  the  leaves  of  the  fen- 
fitive  plant  are  exerted  when  any  injury  is  offered  to  the  other 
extremity  of  the  leaf,  and  fome  of  the  flamens  of  the  flowers  of 
the  dais  Syngencfia  contradt  themfelves  when  others  are  irrita-' 
ted.  See  note  on  Chondrilla,  Vol.  II.  of  this  work. 

From  this  circumflancc  the  contradlion  of  the  inufcles  of 
vegetables  (eems  to  depend  on  a difagrceable  fcnfatlen  in  fome 
dlllant  pair,  and  not  on  the  irtitatiGn  of  the  mufcles  themfelves. 
Thus  when  a particle  of  dull  flimulates  the  ball  of  the  eye,  the 
eye-lids  are  inflantly  clofed,  and  when  too  much  light  pains  the 
retina,  the  mufcles  of  the  iris  contradt  its  aperture,  and  this  not 
by  any  connedlion  or  confent  of  the  nerves  of  thole  parts,  but  as 
an  cflbrt  to  prevent  or  to  remove  a difagrceable  fenf  tion,  which 
evinces  that  vegetables  are  endued  with  fcnfation,  or  that  each 
Wild  has  a common  tenforium,  and  is  fnrnilhcd  with  a brain  or  a 
cmtial  place  where  its  nerves  arc  conncdicd. 
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The  lifted  arm  of  mute  Defpair  arreft, 

And  fnatch  the  dagger  pointed  at  his  breail; 

Or  lull  to  Humber  Envy’s  haggard  mien, 

And  rob  her  quiver’d  fliafts  with  hand  unfeen. 

— Sound,  Nymphs  of  Helicon  ! the  trump  of 
Fame, 

And  teach  Flibernian  echoes  Jones  s name  ; 

Bind  round  her  polilhed  brow  the  cine  bay, 

And  drag  the  fair  Philanthroplft  to  day. — 

So  from  fecluded  fprings,  and  fecret  caves. 

Her  Liffy  pours  his  bright  meandering  waves,  480 
Cools  the  parch’d  vale,  the  fultry  mead  divides. 
And  towns  and  temples  ilar  his  fhadowy  lidcs. 

XIII.  Call  your  light  legions,  tread  the 

« 

fvvampy  heath, 

Pierce  with  fharp  fpades  the  tremulous  peat  be- 
neath ; 

With  colters  bright  the  rufhy  fward  bife<51:. 

And  in  new  veins  the  gufliing  rills  dired; ; — 

So  flowers  fliall  rife  in  purple  light  array’d. 

And  blolTom’d  orchards  ftretch  their  filver  ftiade  ; 

Jones's  name.  1.  476.  ^ A young  lady  who  devotes  a great 
part  of  an  ample  fortune  to  well-chofen  a£ls  of  fccrct  cliarity. 
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Admiring  glebes  their  amber  ears  unfold. 

And  Labour  fleep  amid  the  waving  gold.  4^0 

Thus  when  young  Hercules  with  firm 
difdain 

Braved  the  foft  fmiles  of  Pleafure’s  harlot  train; 
lo  valiant  toils  his  forceful  limbs  affiorn’d. 

And  gave  to  Virtue  all  his  mighty  mind ; 

Fierce  Acuelous  rufli’d  from  mountain-caves, 

O er  fad  Etolia  pour’d  his  wafteful  waves. 

O’er  lowing  vales  and  bleating  paftures  roll’d. 
Swept  her  red  yineyards,  and  her  glebes  of  gold, 
Alined  all  her  towns,  uptore  her  rooted  woods. 
And  Famine  danced  upon  the  finning  floods,  500 
The  youthful  Hero  feized  his  curled  crefl:, 

And  dafli  d w’lth  lifted  club  the  w'atery  Pcfl ; 

Fierce  Achclous.  1.  495.  The  river  Achelous  deluged  EtoIIa, 
by  one  of  its  branches  or  arms,  which  in  the  antient  languages 
are  called  horns,  and  produced  famine  throughout  a great  tra6f 
of  country  ; this  was  reprefented  in  hieroglyphic  emblems  by  the 
winding  courfe  of  a ferpent,  and  the  roaring  of  a bull  with  large 
horns.  Hercules,  or  the  emblem  of  O-rength,  ftrangled  the 
ferpent,  and  lore  off  one  horn  from  the  bull ; that  is,  he  flopped 
and  turned  th.e  courfe  of  one  arm  of  the  river,  and  reflored 
plenty  to  the  country.  Whence  the  antient  emblem,  of  the 
horn  of  plenty.  Di^l.  par  M.  Danet. 
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With  waving  arm  the  billowy  tumult  quell’d. 

And  to  his  courfe  the  bellowing  Fiend  rcpell’d. 

Then  to  a Snake  the  finny  Demon  turn’d 
His  lengthen’d  form,  with  fcales  of  filver  burn’d ; 
Lafh’d  with  rcfiftlefs  fweep  his  dragon-train. 

And  fhot  meandering  o’er  the  affrighted  plain. 
The  hero-God,  with  giant  fingers  clafp’d  509 
Firm  round  his  neck,  the  hiffing  monfter  grafp’d  ; 
With  ftarting  eyes,  wide  throat,  and  gaping  teeth. 
Curl  his  reduntant  folds,  and  writhe  in  death. 

And  now  a Bull,  amid  the  flying  throng 
The  grifly  Demon  foam’d,  and  roar’d  along ; 
With  filvcr  hoofs  the  flowery  meadows  fpurn’d, 
Roll’d  his  fed  eye,  his  threatening  antlers  turn’d ; 
Dragg’d  down  to  earth,  the  Warrior’s  viflor- hands 
Prefs’d  his  deep  dewlap  on  the  imprinted  fands ; 
Then  with  quick  bound  his  bended  knee  he  fix’d 
High  on  his  neck,  the  branching  horns  betwixt,  530 
Strain’d  his  flrong  arms,  his  fincwy  flioulders  bent, 
And  from  his  curled  brow  the  twifted  terror  rent. 

• Draggd  down  to  earth.  I.  51 7.  Defcribcd  from  an  antique  gem. 
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• Plcafed  Fauns  and  Nymphs  with  dancing  ftep 
applaud. 

And  hang  their  chaplets  round  the  refting  God  ; 
Link  their  foft  hands,  and  rear  with  paufing  toil 
The  golden  trophy  on  the  furrow’d  foil ! 
fill  with  ripe  fruits,  with  wreathed  dowers  adorn^ 
And  give  to  Plenty  her  prolific  horn. 

XIV.  On  Spring’s  fair  lip,  CERULEAN  SlS^ 
TERS  ! pour 

From  airy  urns  the  fun-illumin’d  fliower,  53^' 
Feed  with  the  dulcet  drops  my  tender  broods. 
Mellifluous  flowers,  and  aromatic  buds ; 

Hang  from  each  bending  grafs  and  horrent  thorn 
The  tremulous  pearl,  that  glitters  to  the  morn ; 

Or  where  cold  dews  their  fccret  channels  lave. 

And  Earth’s  dark  chambers  hide  the  ftaa;nant  wave. 
Oh  pierce,  YE  Nymphs  ! her  marble  veins,  and  lead 
Pier  gufhing  fountains  to  the  thirfty  mead  ; 

Wide  o’er  the  fliinlng  vales,  and  trickling  hills. 
Spread  the  bright  treafure  in  a thoufand  rills.  540 


SprseJ the  bright  trcafurc.  I.  540.  The  prafllce  of  flooding 
Lnnds,  long  in  vfe  in  China,  lus  been  but  lately  introduced  into 
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So  fhall  my  peopled  realms  of  Leaf  aad  Flower 
Exult,  inebriate  with  the  genial  fhower ; 

Dip  their  long  trelTes  from  the  moITy  brink. 

With  tufted  roots  the  glaffy  currents  drink  ; 

Shade  your  cool  manfions  from  meridian  beams. 
And  view  their  waving  honours  in  your  Ilreams. 


this  country.  Befides  the  fupplying  water  to  the  herbage  in 
dryer  feafons,  it  feems  to  defend  it  from  froft  in  the  early  part  of 
the  year,  and  thus  doubly  advances  the  vegetation.  The  waters 
which  rife  from  fprings  paffing  through  marl  or  limeftone  are 
replete  with  calcareous  earth,  and  when  thrown  over  moraffes 
they  depofit  this  earth  and  incrull  or  confolidate  the  morafs. 
This  kind  of  earth  is  depofited  in  great  quantity  from  the  fprings 
at  Matlock  bath,  and  fupplies  the  foft  porous  limeftone  of  which 
the  houfes  and  walls  are  there  conflrufted  ; and  has  formed  the 
whole  bank  for  near  a mile  on  that  fide  of  the  Derwent  oa 
which  they  hand. 

The  water  of  many  fprings  contains  much  azotic  gas,  of 
phlogiftic  air,  befides  carbonic  gas,  or  hxed  air,  as  that  of  Buxton 
and  Bath]  this  being  fet  at  liberty  may  more  readily  contribute 
to  the  produ£iion  of  nitre,  by  means  of  the  putrefeent  matters 
which  it  is  expofed  to  by  being  fpread  upon  the  furfacc-  of  the 
land;  in  the  fame  manner  as  frequently  turning  over  heaps  of 
manure  facilitates  the  nitrous  procefs,  by  imprifoning  atmofpheriq 
air  in  the  interflices  of  the  putrefeent  materials.  Water  arifing 
by  land- floods  brings  along  with  it  much  of  the  moft  foluble 
parts  of  the  manure  from  the  higher  lands  to  the  lower  ones. 
River-water  in  its  clear  Rate  and  thofe  fprings  which  arc  called 
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**  Thus  where  the  veins  their  confluent  branches 
bend. 

And  milky  eddies  with  the  purple  blend ; 

The  Chyle’s  white  trur;k,  diverging  from  its  fburce. 

Seeks  through  the  vital  mafs  its  fliining  courfe;  550 

O’er  each  red  cell,  and  tilTued  membrane  fpreads 

In  living  net- work  all  its  branching  threads ; 

Maze  within  maze  its  tortuous  path  purfues. 

Winds  into  glands,  inextricable  clues ; 

Steals  through  the  flomach’s  velvet  fidcs,  and  fips 

The  filver  ferges  with  a thoufand  lips ; ^ 

* 

Fills  each  fine  pore,  pervades  each  flcnder  hair. 

And  drinks  falubrious  dew-drops  from  the  air. 

< 

« 

‘‘  Thus  when  to  kneel  in  Mecca’s  awful  gloom. 
Or  prefs  wdth  pious  kifs  Medina’s  tomb,  ^60 
League  after  league,  through  many  a lingering 
day, 

Steer  the  fvvart  Caravans  their  fultry  way  ; 


foft  are  lefs  beneficial  for  the  purpofe  of  watering  lands,  as  they 
contain  lefs  earthy  or  faline  matter ; and  water  from  diflblving 
fnow  from  its  flow  folution  brings  but  little  eaith  along  with  it, 
'as  may  be  feen  by  the  comparative  clearncfs  of  the  water  of 
fnow>;floods. 
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O’er  fandy  waftes  on  gafplng  camels  toll, 

Or  print  with  pilgrim-fteps  the  burning  foil ; 

It  from  lone  rocks  a fparkling  rill  defcend, 

O’er  the  green  brink  the  kneeling  nations  bend. 
Bathe  the  parch’d  lip,  and  cool  the  feverlfli  tongue. 
And  the  clear  lake  reflects  the  mingled  throng.” 

The  Goddess  paused, — the  llftening  bands 
awhile 

Still  feem  to  hear,  and  dwell  upomher'fmlle  ; 570 
Then  with  foft  murmur  fweep  in  lucid  trains 
Down  the  green  Hopes,  and  o’er  the  pebbly  plains. 
To  each  bright  ftream  on  filver  fandals  glide, 
.Reflective  fountain,  and  tumultuous  tide. 

So  Ihoot  the  Spider-broods  at  breezy  dawn, 
Their  glittering  net- work  o’er  the  autumnal  lawn  ; 
From  blade  to  blade  conned;  with  cordage  fine 
The  unbending  grafs,  and  live  along  the  line  ; 

Or  bathe  unwet  their  oily  forms,  and  dwell 
With  feet  repulfive  on  the  dimpling  well.  580 

So  when  the  North  congeals  his  w^atery  mafs. 

Piles  high  his  fnows,  and  floors  his  feas  with  glafs  ; 
VoL.  I. 
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While  many  a Month,  unknown  to  warmer  rays, 
Marks  its  flow  chronicle  by  lunar  days ; 

Stout  youths  and  ruddy  damfcls,  fportive  train. 
Leave  the  white  foil,  and  rufh  upon  the  main  ; 
From  ifle  to  ifle  the  moon-bright  fqpadrons  Array, 
And  win  in  cafy  curves  their  graceful  way ; 

On  Arep  alternate  borne,  with  balance  nice  589 
Hang  o’er  the  gliding  Areel,  and  hifs  along  the  ice. 


argument  of  the  fourth  canto. 


Address  to  the  Sylphs.  I.  Trade-winds.  Monfoons.  N.  E. 
and  S.W.  winds.  Land  and  fea  breezes.  Irregular  winds,  9. 
II.  ProducSIion  of  vital  air  from  oxygene  and  light.  Tlie  mar- 
riage of  Cupid  and  Pfyche,  25.  III.  i.  Syroc.  Simoom.  Tor- 
nado, 63.  2.  Fog.  Contagion.  Story  of  ThyiTis  and  .^glc. 

Love  and  Death,  79.  IV.  i.  Barometer.  Air-pump,  127. 
2.  Air-balloon  of  Mongolfier,  Death  of  Rozier.  Icarus,  143. 
V.  Difcoveries  of  Dr.  Prieftley.  Evolutions  and  combinations 
of  pure  air.  Rape  of  Proferpine,  177.  VI.  Sea-balloons,  or 
houfes  conftru6led  to  move  under  the  fea.  Death  of  Mr.  Day. 
Of  Mr.  Spalding.  Of  Captain  PierCe  and  his  Daughters,  207. 
VII.  Sylphs  of  muGc.  Cecilia  Gnging.  Cupid  'with  a lyre 
riding  upon  a lion,  245.  VIII.  Deflru£Iion  of  Sennacherib’s 
army  by  a peftilential  wind.  Shadow  of  Death,  275.  IX.  i. 
Wifli  to  poflefs  the  fecret  of  changing  the  courfe  of  the  winds, 
307.  2.  MonGer  devouring  air  fubdued  by  Mr.  Kirwan,  333. 

X.  I.  Seeds  fufpended  in  their  pods.  Stars  difcovered  by  Mr. 
Herfchel.  Deftru6Iion  and  refufcitation  of  all  things,  363. 
2.  Seeds  within  feeds,  and  bulbs  within  bulbs.  Pidlure  on  the 
retina  of  the  eye.  Concentric  Grata  of  the  earth.  The  great 
feed,  393.  3.  The  root,  pith,  lobes,  plume,  calyx,  corol,  fap, 

blood,  leaves  refpire  and  abforb  light.  The  crocodile  in  its  egg, 
421.  XI.  Opening  of  the  Gower.  The  petals,  Gyle,  anthers, 

N 
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prolific  dull,  honey-cup.  Trnnfmutatlon  of  the  filk-worm,  453, 
XIT.  I.  Leaf-bucs  changed  into  flower-buds  by  wounding  the 
bark,  or  ftrangulating  a part  of  the  branch.  Cintra,  477.  2, 

Ingrafting.  Aaron’s  rod  pullulates,  507.  XIII.  i.  Ipfcfls  on 
trees.  Humming-bird  alarmed  by  the  fpider-Iike  appearance  of 
Cyprepedia,  521.  2.  DIfeafes  of  vegetables.  Scratch  on  un- 

ncaled  glafs,  541.  XIV.  i.  Tender  flowers.  Amaryllis,  fri- 
tillary, erythrina,  mimofa,  cerea,  553.  2.  Vines.  Oranges, 

Diana’s  trees.  Kew  garden.  The  royal  family,  571.  XV. 
Offering  to  Hygeia,  617.  Departure  of  the  Goddefs,  659. 
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As  wlifin  at  noon  in  Hybla’s  fragrant  bowers 
C AC  ALIA  opens  all  her  honey  d flowers ; 

Cacalla  opens.  1.  2.  The  Importance  of  the  nedanum  or 
honey-gland  in  the  vegetable  economy  is  feen  from  the  very 
complicated  apparatus,  which  nature  has  formed  in  fome 
flowers  for  the  prefervation  of  their  honey  from  infeds,  as  m the 
aconites  or  monkfhoods ; in  other  plants  inftead  of  a great  ap 
paratus  for  its  prote6tion  a greater  fecretion  of  it  is  produced, 
that  thence  a part  may  be  fpared  to  the  depredation  of  infefls. 
The  cacalia  fuaveolens  produces  fo  much  honey,  that  on  fome 
days  it  may  be  fmelt  at  a great  diftance  from  the  plant.  I re 
member  once  counting  on  one  of  thefe  plants,  bcfides  bees  of 

N3 
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Contending  fwarms  on  bending  branches  cling, 
And  nations  hover  on  aurellan  wing ; 

So  round  the  Goddess,  ere  fhe  fpeaks,  on  high 
Impatient  Sylphs  in  gawdy  circlets  fly; 
Quivering  in  air  their  painted  plumes  expand. 

And  coloured  fliadows  dance  upon  the  land, 

I.  ‘‘Sylphs!  your  light  troops  the  tropic 
Winds  confine, 

And  guide  their  ftreaming  arrows  to  the  Line  ; lo 
While  in  warm  floods  ecliptic  Breezes  rife, 

And  flnk  with  wings  benumb’d  in  colder  fkics. 
You  bid  Monfoons  on  Indian  fcas  refide. 

And  veer,  as  moves  the  fun,  their  airy  tide  ; 

While  fouthern  Gales,  o’er  weflern  oceans  roll. 
And  Eurus  fleals  his  iec-winds  from  the  Pole. 
Your  playful  trains,  on  fultry  iflands  born, 

Turn  on  fantaftlc  toe  at  eve  and  morn ; 

With  foft  fufurrant  voice  alternate  fweep 
Earth’s  green  pavilions  and  eneircllng  deep. 

various  kinds  without  number,  above  two  hundred  painted 
Butterflies,  which  gave  it  the  beautiful  appearance  of  being 
covered  with  additional  flowers. 


The  tropic  winds.  1.  9.  See  additional  notes,  No.  XXXIH, 
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Or  in  itinerant  cohorts,  borne  fublime 
On  tides  of  ether,  float  from  clime  to  dime ; 

O’er  waving  Autumn  bend  your  airy  ring. 

Or  waft  the  fragrant  bofom  of  the  Spring. 

II.  “ When  Morn,  efcortcd  by  the  dancing 
Hours, 

O’er  the  bright  plains  her  dewy  luftre  fliowers  ; 

Till  from  her  fable  chariot  Eve  ferene 
Drops  the  dark  curtain  o’er  the  brilliant  fcene  ; 
You  form  with  chemic  hands  the  airy  furge,  29 
Mix  with  broad  vans,  with  fhadowy  tridents  urge. 
Sylphs  ! from  each  fun-bright  leaf,  that  twink- 
ling fhakes 

O’er  Earth’s  green  lap,  or  fhoots  amid  her  lakes, 
Your  playful  bands  with  fimpering  lips  invite. 

And  wed  the  enamour’d  Oxygene  to  Light. 

The  enamour'd  Oxygene.  I.34.  The  common  air  of  the  at- 
mofphere  appears  by  the  analyfis  of  Dr.Prieftley  and  other  pn 
lofophcrs  to  confift  of  about  three  parts  of  elaftic  fluid  unfit  for 
refpiration  or  combuftion,  called  azote  by  the  French  fchool,  and 
about  one  fourth  of  pure  vital  air  fit  for  the  lupport  of  anima 
life  and  of  combuftion,  called  oxygene.  The  principal  fource  of 
the  azote  is  probably  from  the  decompofition  of  all  vegetable  and 
animal  matters  by  putrefa6lion  and  combuftion , the  princ  p 
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Round  their  white  necks  with  fingers  interwove. 
Cling  the  fond  Pair  with  unabating  love ; 

Hand  link’d  in  hand  on  buoyant  flep  they  rife. 
And  foar  and  gliftcn  in  unclouded  lldes. 

Whence  in  bright  floods  the  Vital  Air  expands. 
And  with  concentric  fphcres  involves  the  lands;  40 


fource  of  vital  air  or  oxygene  is  perhaps  from  the  decompofition 
of  water  in  the  organs  of  vegetables  by  means  of  the  fun’s  light. 
The  difficulty  of  injecting  vegetable  veflels  feems  to  fliew  that 
their  perfpirative  pores  are  muclrlefs  than  thofe  of  animals,  and 
that  the  water  which  conflitutes  their  perfpiration  is  fo  divided  at 
the  time  of  its  exclufion,  that  by  means  of  the  fun’s  light  it  be- 
comes decompofed,  the  inflammable  air  or  hydrogene,  which  is 
one  of  its  conflituent  parts,  being  retained  to  form  the  oil,  refin, 
wax,  honey,  &c.  of  the  vegetable  economy  ; and  the  other  part, 
which,  united  with  light  or  heat  becomes  vital  air  or  oxygene  ga% 
rifes  into  the  atmofphere  and  repleniflies  it  with  the  food  of  life. 

Dr.  Pricflley  has  evinced  by  very  ingenious  experiments  that 
the  blood  gives  out  phlogifton,  and  receives  vital  air,  or  oxygene 
gas  by  the  lungs.  And  Dr.  Crawford  has  fliewn  that  the 
blood  acquires  heat  from  this  vital  air  in  refpiration.  There  is 
however  flill  a fomething  more  fubtile  than  heat,  which  muft  be 
obtained  in  refpiration  from  the  vital  air,  a fomething  which  life 
cannot  exift  a few  minutes  without,  which  feems  necelTary  to 
the  vegetable  as  well  as  to  the  animal  world,  and  which,  as  no 
organized  veffels  can  confine  it,  requires  perpetually  to  be  re- 
newed. See  note  on  Canto  I.  1.  401  and  additional  notes* 
No.  XXXIV. 
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Pervades  the  fwarming  feas,  and  heaving  earths. 
Where  teeming  Nature  broods  her  myriad  births ; 
Fills  the  fine  lungs  of  all  that  breathe  or  budt 
Warms  the  new  heart,  and  dyes  the  guflilng  blood ; 
With  Life’s  firfi;  fpark  infpires  the  organic  frame, 
And,  as  it  waftes,  renews  the  fubtile  flame. 

“ So  pure,  fo  foft,  with  fweet  attraction  flione 
Fair  Psyche,  kneeling  at  the  ethereal  throne. 
Won  with  coy  fmiles  the  admiring  court  of  Jove, 
And  warm’d  the  bofom  of  unconquer’d  Love. 
Beneath  a moving  fliade  of  fruits  and  flowers  5^ 
Onward  they  march  to  Hymen’s  facred  bowers; 
With  lifted  torch  he  lights  the  feftive  train. 
Sublime,  and  leads  them  in  his  golden  chain  ; 
Joins  the  fond  pair,  indulgent  to  their  vows. 

And  hides  with  myftic  veil  their  blufliing  brows. 

Round  their  fair  forms  their  mingling  arms  they  fling, 

Meet  with  warm  lip,  and  clafp  with  milling  wing. 

Fair  Pfyehi.  1.  48.  DefcrilKd  from  an  antlent  gem  on  a fine 
onyx  in  pofieflion  of  the  Duke  of  Marlborough,  of  whirh 
there  is  a beautiful  print  in  Bryant’s  Mythol.  Vol.  M 
And  troin  another  aniient  gem  of  Cnpid  and  ’ ' v.t  b; 
ot  which  there  is  a print  in  Po  , p. 
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— Hence  plaflic  Nature,  as  Oblivion  whelms 
Her  fading  forms,  repeoples  all  her  realms ; 66 

Soft  Joys  difport  on  purple  plumes  unfurl’d. 

And  Love  and  Beauty  rule  the  willing  world, 

III.  I.  ‘^Sylphs!  Vour  bold  myriads  on  tho 
withering  heath 

Stay  the  fell  Sy roc’s  fuffocative  breath  ; 

Arreft  Simoom  in  his  realms  of  fand. 

The  poifoned  javelin  balanced  in  his  hand  ; — 


Repeoplcs  all  her  realms.  1.  6o. 

Qu3c  mare  navigerum  et  terras  fmglferentes 
Concelebras;  per  te  quoniam  genus  omne  animanturri 
Concipitur,  vifitque  exortum  lumina  foils.  Lucret.- 

Arreji  Simoom.  I.  65.  “ At  eleven  o’clock,  while  we  were 

with  great  pleafure  contemplating  the  rugged  tops  of  Chiggre^ 
where  we  expelled  to  folace  ourfelves  with  plenty  of  good  water, 
Idris  cried  out  with  a loud  voice,  “fall  upon  your  faces,  for 
here  is  the  fimoom  !”  I faw  from  the  S.  E.  a haze  come  in  co- 
lour  like  the  purple  part  of  a rainbow,  but  not  fo  comprefled  or 
thick  ; it  did  not  occupy  twenty  yards  in  breadth,  andw'as  about 
twelve  feet  high  from  the  ground.  It  was  a kind  of  a blulh 
upon  the  air,  and  it  moved  very  rapidly,  for  1 fcarce  could  turn 
to  fall  upon  the  ground  with  my  head  to  the  northward,  when 
] felt  the  heat  of  its  current  plainly  upon  my  face.  We  all  lay 
^at  upon  the  ground,  as  if  dead,  till  Idras  told  us  it  was  blown 
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Fierce  on  blue  ftreams  he  rides  the  tainted  air, 
Points  his  keen  eye,  and  waves  his  whirling 
hair ; 


over.  The  meteor,  or  purple  haze,  which  I faw  was  indeed 
pafled  ; but  the  light  air  that  flill  blew  was  of  heat  to  threatea 
fufFocation.  For  my  part  I found  diftimSlly  in  my  bread,  that 
I had  imbibed  a part  of  it ; nor  was  i free  of  an  afthmatic  fen- 
fatlon  till  [ had  been  forae  months  in  Italy.”  Bruce’s  Travels, 
Vol.lV.  p.557. 

It  is  difficult  to  account  for  the  narrow  track  of  this  pedilen- 
tial  wind,  which  is  faid  not  to  exceed  twenty  yards,  and  for  its 
fmall  elevation  of  twelve  feet.  A whirlwind  will  pafs  forwards, 
and  throw  down  an  avenue  of  trees  by  its  quick  revolution  as  it 
paflTes ; but  nothing  like  a whirlwind  is  dcl'cribed  as  happening 
in  thefe  narrow  dreams  of  air,  and  whirlwinds  afeend  to  greater 
heights.  There  feems  but  one  known  manner  in  which  this 
channel  of  air  could  be  effedled,  and  that  is  by  eledricity. 

The  volcanic  origin  of  thefe  winds  is  mentioned  in  the  note 
on  Chunda  in  Vol.  II.  of  this  work  ; it  mud  liere  be  added,  that 
Profedbr  Vairo  at  Naples  found,  that  during  the  eruption  of 
Vefuvius  perpendicular  iron  bars  were  eledlric;  and  others  have 
obferved  fuffocating  damps  to  attend  thefe  eruptions.  Ferber’s 
Travels  in  Italy,  p.  133.  And  ladly,  that  a current  of  air  at- 
tends the  pafl'age  of  eledlric  matter,  as  is  feen  in  prefentlng  an 
cledrized  point  to  the  flame  of  a candle.  In  Mr.  Bruce’s  account 
of  this  dmoom,  it  was  in  its  courfe  over  a quite  dry  defert  of 
fand,  (and  which  was  in  confequcnce  unable  to  condud  an  elec- 
tric dream  into  the  earth  beneath  it,)  to  fome  mold  rocks  at  but 
a few  miles  didance;  and  thence  would  appear  to  be  a dream 
of eledricity  from  a volcano  attended  with  noxious  air;  and  as 


ECONOMY  OF 


Canto  IV* 


iS8 

While,  as  he  turns,  the  undulating  foil 

Rolls  in  red  waves,  and  billowy  deferts  boil.  70 

You  feize  Tornado  by  his  locks  of  mift, 

Burft  his  denfe  clouds,  his  wheeling  fpires  untwift ; 
W^ide  o er  the  ^Veft  when  borne  on  headlong  galcs> 
Dark  as  meridian  night,  the  Monfter  fails, 

Howls  high  in  air,  and  lhakes  his  curled  brow', 
Lafhing  with  ferpent-train  the  waves  beIow% 
Whirls  his  black  arm,  the  forked  lightning  flings. 
And  fliowers  a deluge  from  his  demon-wings. 

2.  ‘^Sylphs!  with  light  fhafts  I'ou  pierce  the 
drowdy  Fog,  yg 

That  lingering  flumbers  on  the  fedge-w^ove  bog. 


the  bodies  of  Mr.Bi  ucc  and  his  attendants  were  infulated  on  the 
fand,  they  would  not  be  fenfible  of  their  incrcafed  electricity,  as 
it  paffed  over  them  ; to  which  it  may  be  added,  that  afulphurous 
or  fuftbeating  fenfation  is  faid  to  accompany  flaflies  of  lightning, 
and  even  ftrong  fparks  of  artificial  eleCtricity.  In  the  above  ac- 
count of  the  fimoom,  a great  rednefs  in  the  air  is  faid  to  be  a cer- 
tain fign  of  its  approach,  which  may  be  occafioned  by  the  erup- 
tion of  flame  from  a dilfant  volcano  in  thefe  extenfive  and  im- 
penetrable deferts  of  fand.  See  note  on  1.  294  of  this  Canto. 

Tornado.  1 71.  Sec  additional  notes.  No.  XXXIII. 
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With  webbed  feet  o’er  midnight  meadows  creeps. 
Or  flings  his  hairy  limbs  on  ftagnant  deeps. 

You  meet  Contagion  ifluing  from  afar, 

And  dafli  the  baleful  conqueror  from  his  car ; 
When,  Gueft  of  Death  ! from  charnel  vaults  he 
fteals. 

And  bathes  in  human  gore  his  armed  wheels. 

Thus  when  the  Plague,  upborne  on  Belgian 
air, 

LopVd  through  the  mill  and  fliook  his  clotted 
hair; 

O’er  fhrinking  nations  fleer’d  malignant  clouds. 
And  rain’d  deftrud;ion  on  the  gafping  crouds.  90 
The  beauteous  ^gle  felt  the  venom'd  dart. 

Slow  roll’d  her  eye,  and  feebly  throbb’d  her  heart; 


On  Jiagnant  deeps.  1.  82.  All  contagious  miafmata  originate 
cither  from  animal  bodies,  as  thofe  of  the  fmall  pox,  or  from 
putrid  morafles  ; thefe  latter  produce  agues  in  the  colder  climates 
and  malignant  fevers  in  the  warmer  ones.  The  volcanic  va- 
pours which  caufe  epidemic  coughs,  are  to  be  ranked  amongft 
poifons  rather  than  amongd:  the  miafmata,  which  produce  con- 
tagious difeafes. 

^he  beauteous  JEgk.  1.  91.  When  the  plague  raged  in  Hol- 
land, in  1636,  a young  girl  was  ftized  with  it,  had  three  carbun- 
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Each  fervid  figh  feem’d  fhorter  than  the  laft. 

And  {farting  Friendfhip  fliunn’d  her,  as  fhe  pafs’d. 
— With  weak  unfleady  {fep  the  fainting  Maid 


Seeks  the  cold  garden’s  folitary  fhade. 

Sinks  on  the  pillowy  mols  her  drooping  head. 
And  prints  with  llfelefs  limbs  her  leafy  bed. 

On  wings  of  Love  her  plighted  Swain  purfues. 
Shades  her  from  winds,  and  {belters  her  from 
dews,  100 

Extends  on  tapering  poles  the  canvas  roof. 

Spreads  o er  the  ffraw'-wove  mat  the  flaxen  woof. 
Sweet  buds  and  blofloms  on  her  bolfler  flrows. 
And  binds  his  kerchief  round  her  acldng  brows; 
Soothes  with  foft  kifs,  with  tender  accents  charms. 
And  clafps  the  bright  Infedlion  in  his  arms. — 
With  pale  and  languid  fmilcs  the  grateful  Fair 
Applauds  his  virtues,  and  rewards  his  care; 

Mourns  with  wet  cheek  her  fair  companions  fled 
On  timorous  ftep,  or  number'd  w ith  the  dead ; 


cles,  2nd  was  removed  to  a garden,  where  lier  lover,  who  was 
betrothed  to  her,  attended  her  as  a nurfe,  and  flept  with  lier  as 
Ills  wife.  He  remained  uniiifcdfcd,  and  flae  recovered,  and  was 
married  to  him.  1 he  flory  is  related  by  Vine.  Fabricius,  in  th« 
Mifc.  Cur.  Ann.  II.  Obf.  188. 
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Calls  to  her  bofom  all  its  fcatter’d  rays,  1 1 1 

And  pours  on  Thyrsis  the  collected  blaze; 

Braves  the  chill  night,  carefling  and  carefs’d. 

And  folds  her  Hero-lover  to  her  breaft. — 

Lefs  bold,  Leander  at  the  dufley  hour 
Eyed,  as  he  fwam,  the  far  loye-lightcd  tow'er ; . 
Breafted  with  ftruggling  arms  the  tofling  wave. 
And  funk  benighted  in  the  watery  grave. 

Lefs  bold,  Tobias  claim’d  the  nuptial  bed  119 
Where  feven  fond  Lovers  by  a Fiend  had  bled; 
And  drove,  inftrufted  by  his  Angel-Guide, 

The  enamour’d  Demon  from  the  fatal  bride. — 

— Sylphs!  while  your  winnowing  pinions  fann’d 
the  air. 

And  filed  gay  vifions  o’er  the  fleeping  pair ; 

Love  round  their  couch  effufed  his  rofy  breath. 
And  with  his  keener  arrows  conquer’d  Death. 

IV.  T.  You  "charm’d,  indulgent  Sylphs! 
their  learned  toil, 

And  crown’d  with  fame  your  Torricell,  and 
Boyle ; 

Torricell  and  Boyle.  1.  128.  The  preffure  of  the  atmofphere 
was  difeovered  by  Torricelli,  a difciplc  of  Galileo,  who  had  pre- 
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Taught  with  fweet  fmiles,  refponhve  to  their 
prayer, 

The  fpring  and  preiTure  of  the  viewlefi  air.  130 

vioufly  found  that  the  air  had  weight.  Dr.  Hook  and  M.  Du 
Hamel  afcribe  the  invention  of  the  air-pump  to  Mr.  Boyle,  who 
liowever  confeffes  he  had  fome  hints  concerning  its  conftrudtion 
from  De  Guerick.  The  vacancy  at  the  fummit  of  the  barome- 
ter is  termed  the  Torricellian  vacuum,  and  the  exhaufted  re- 
ceiver of  an  air-pump  the  Boylean  vacuum,  in  honour  of  th'efc 
two  philofophers. 

The  mifl;  and  defcending  dew  which  appear  at  firft  exhaufl:- 
ing  the  receiver  of  an  air-pump,  are  explained  in  the  Phil. 
Tranf.  Vol.  LXXVIll.  from  the  cold  produced  by  the  expan- 
fion  of  air.  For  a thermometer  placed  in  a receiver  finks  fomc 
degrees,  and  in  a very  little  time,  as  foon  as  a fufficient  quantity 
of  heat  can  be  acquired  from  the  furrounding  bodies,  the  dc\T 
becomes  again  taken  up.  See  additional  notes,  No.  VII.  Mr. 
Saulfure  obferved,  on  placing  his  hygrometer  in  a receiver  of  an 
air-pump,  that  though  on  beginning  to  exhaufl;  it  the  air  became 
mifly,  and  parted  with  its  moifture,  yet  the  hair  of  his  hygro- 
meter contradled,  and  the  inftrument  pointed  to  greater  drynefs. 
This  unexpe6led  occurrence  is  explained  by  M.  Monge  (An- 
pales  de  Chymie,  Tom.  V.)  to  depend  on  the  want  of  the  ufual 
preffure  of  the  atmofphere  to  force  the  aqueous  particles  into 
the  pores  of  the  hair;  and  M.  Sauffure  fuppoi'es,  that  his  veficu- 
lar  vapour  requires  more  time  to  be  redifTolved,  than  is  ncceflary 
to  dry  the  hair  of  his  thermometer.  Effais  fur  ITlygrom.  p.  226. 
But  1 fufpedl  there  is  a lefs  hypothetical  way  of  underibnding  it; 
when  a colder  body  is  brought  into  warm  and  molft;  air  (as  a 
bottle  of  fpring-water  for  inllancc,)  a ileam  is  quickly  collecSlcd 
on  its  furface;  the  contrary  occurs  when  a warmer  body  is 
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— How  up  exhaufted  tubes  bright  currents  flow 
Of  liquid  filver  from  the  lake  below. 

Weigh  the  long  column  of  the  incumbent  fkies. 
And  with  the  changeful  moment  fall  and  rife. 

— How,  as  in  brazen  pumps  the  piftons  move. 
The  membrane-valve  fuftains  the  weight  above ; 
Stroke  follows  ftroke,  the  gelid  vapour  falls. 

And  mifty  dew-drops  dim  the  cryftal  walls ; 

Rare  and  more  rare  expands  the  fluid  thin, 

And  Silence  dwells  with  Vacancy  within. — 140 
So  in  the  mighty  Void  with  grim  delight 
Primeval  Silence  reign’d  with  antient  Night. 

3 ‘‘Stlphs!  your  foft  voices,  whifpering 
from  the  fliies. 

Bade  from  low  earth  the  bold  Mongolfier  rife; 
• \ 

brought  into  cold  and  damp  air,  it  continues  free  from  dew  fo 
long  as  it  continues  warm  ; for  it  warms  the  atmofphcre  around 
it,  and  renders  it  capable  of  receiving  inilead  of  parting  with 
moiflure.  The  moment  the  air  becomes  rarefied  in  the  receiver 
of  the  air-pump  it  becomes  colder,  as  appears  by  the  thermometer, 
and  depofits  its  vapour;  but  the  air  of  Mr.  SauITure’s  hygro- 
meter is  now  warmer  than  the  air  in  which  it  is  immerfed,  and 
in  confequence  becomes  dryer  than  before,  by  warming  the  air 
which  immediately  furrounds  it,  a part  of  its  moifiure  evaporat- 
ing along  with  its  heat. 

VoL.  I. 
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Outftretch’d  his  buoyant  ball  with  airy  fpring, 
And  bore  the  Sage  on  levity  of  wing ; — 

Where  were  ye,  Sylphs!  when  on  the  ethereal 


mam 

Young  tlosiERE  launch’d,  and  call’d  your  aid  in 
vain  ? 

Fair  mounts  the  light  balloon,  by  Zephyr  driven, 
rarts  the  thin  clouds,  and  fails  along  the 
heaven;  , 15^ 

Higher  and  yet  higher  the  expanding  bubble 
flies. 

Lights  with  quick  flafli,  and  burfls  amid  the 
Ikies.— 

Headlong  He  rufhes  through  the  affrighted  Air 
With  limbs  diflorted,  and  diflievel’d  hair. 

Whirls  round  and  round,  the  flying  croud  alarms. 
And  Death  receives  him  in  his  fable  arms  ! — 

J'oung  Rojiere  launch' d.  1.  148-  M.  Pilatre  ilu  RofierO  with  a 
ivl.  Rornain  rofe  in  a balloon  from  Boulogne  in  June  17855 
after  having  been  about  a mile  high  for  about  lialf  an  hour  the 
balloon  took  fire,  and  the  two  adventurers  were  dafhed  to  pieces 
on  their  fall  to  the  ground.  !Mr.  Roficre  was  a philofopner  of 
great  talents  and  activity,  joined  with  fuch  urbanity  and  ele- 
gance of  manners,  as  conciliated  the  afFe6fions  of  his  acquaint- 
ance and  rendered  his  misfortune  univerfally  lamented.  Annual 
Pvegifler  for  1784  and  1785,  p.  329. 
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— Betrothed  Beauty  bending  o’er  his  bier 
Breathes  the  loud  fob,  and  ilieds  the  inceffant  tear ; 
Purfues  the  fad  proceffion,  as  it  moves 
Through  winding  avenues  and  waving  groves ; 
Hears  the  flow  dirge  amid  the  echoing  alles,  i6i 
And  mingles  with  her  fighs  difcordant  fmiles. 
Then  with  quick  ftep  advancing  through  the  gloom, 
I come  !”  fhe  cries,  and  leaps  into  his  tomb. 
Oh,  flay  ! I follow  thee  to  realms  above  ! — 

“ Oh,  wait  a moment  for  thy  dying  love  ! — 
Thus,  thus  I clafp  thee  to  my  burfting  heart ! — 
Clofeo’erus,  holy  Earth! — We  will  not  part  !” — 

‘‘  So  erll  with  melting  wax  and  loofen’d  firings 
Sunk  haplefs  Icarus  on  unfaithful  wings;  lyo 
His  fcatter  d plumage  danced  upon  the  wave. 

And  fbrrowing  Mermaids  deck’d  his  watery  grave  ; 


Betrothed  Beauty.  1.  157.  Mi fs  Su fan  Dyer  was  engaged  in 
a few  days  to  marry  M.  Rofiere,  who  had  promifed  to  quit  fuch 
dangerous  experiments  in  future  ; fhe  was  fpedlatrefs  of  this  fad 
accident,  lingered  fome  months,  and  died  from  excefs  of  grief. 
The  Rev.  Mr.  Collier,  Senior  Fellow  of  Trinity  College  in 
Cambridge,  was  well  acquainted  with  this  amiable  young  lady, 

and  fuggefted  the  introdudlion  of  her  melancholy  hiftory  in  this 
place. 
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O’er  his  pale  corfe  their  pearly  fea-fiowers  fhed, 
And  ftrcw’d  with  crimfon  mofs  his  marble  bed ; 
Struck  in  their  coral  towers  the  paufing  bell, 

And  wide  in  ocean  toll’d  his  echoing  knell. 

V.  ‘^SrLPiis!  YOU,  retiring  to  fequefler’d 
bowers. 

Where  oft  your  Priestley  woes  your  airy  powers, 

And  wide  in  ocean.  1.  176.  Deafer  bodies  propagate  vibra- 
tion or  found  better  than  rarer  ones;  if  two  ftones  be  flruclc 
together  under  the  water,  they  may  be  heard  a mile  or  two  by 
any  one  vvhofe  head  is  immerfed  at  that  diftance,  according  to 
an  experiment  of  Dr.  Franklin.  If  the  ear  be  applied  to  one 
end  of  a long  beam  of  timber,  the  ftroke  of  a pin  at  the  other 
end  becomes  fenfible  ; if  a poker  be  fufpended  in  the  middle  of 
a garter,  each  end  of  which  is  prefTed  againft  the  ear,  the  leaft 
percuflions  on  the  poker  give  great  founds.  And  I am  informed 
by  laying  the  car  on  the  ground  tlie  tread  of  a horfe  may  be  dif- 
cerned  at  a great  diftance  in  the  night.  The  organs  of  hearing 
belonging  to  fifti  are  for  this  reafon  much  Icfs  complicated  than 
of  quadrupeds,  as  the  fluid  they  are  immerfed  in  fo  much  Iretter 
‘conveys  its  vibrations.  And  it  is  probable  that  fome  fliell  filh, 
which  have  twifted  fticlls  like  the  cochlea  and  femicircular 
canals  of  the  ears  of  men  and  quadrupeds,  may  have  no  appro- 
, priated  organ  for  perceiving  the  vibrations  of  the  element  they 
live  in,  but  may  by  their  fpiral  form  be  in  a manner  all  ear. 

Jfljcre  oft  your  Pricfley.  1.  178.  The  fame  of  Dr.  Prieftley 
is  known  in  every  part  cf  the  earth  where  fcicnce  has  penetrated. 
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On  noifelefs  ftcp  or  quivering  pinion  glide. 

As  fits  the  Sage  with  Science  by  his  fide ; 1 8© 


His  various  difeoveries  refpeiSling  the  analyfis  of  the  atmofpherc, 
and  the  prcxludion  of  variety  of  new  airs  or  gaffes,  can  only  be 
clearly  under'lood  by  readiug  his  Experiments  on  Airs,  (3  vols. 
odiavo,  Johnlon,  London.)  The  following  are  amongll  his  many 
difeoveries.  i.  The  difeovery  of  nitrous  and  dephlogifticated 
airs,  3.  The  exhibition  of  the  acids  and  alkalies  in  the  form  of 
air.  3.  Afcertaining  the  purity  of  refpirable  air  by  nitrous  air. 
4.  The  relloration  of  vitiated  air  by  vegetation.  5.  The  influence 
of  light  to  enable  vegetables  to  yield  pure  air,  6.  The  con- 
verfion  by  means  of  light  of  animal  and  vegetable  fubflances, 
that  would  otherwife  become  putrid  and  offenfive,  into  nourifli- 
ment  of  vegetables.  7.  The  ufe  of  refpiration  by  the  blood 
parting  with  phlogiflon,  and  imbibing  dephlogifticated  air. 

The  experiments  here  alluded  to  are,  1.  Concerning  the  pro- 
dudlion  of  nitrous  gas  from  diffolving  iron  and  many  other  me- 
tals in  nitrous  acid,  which  though  firfi:  difeovered  by  Dr.  Hales 
(Static.  Eff.  Vol.  I.  p.  224)  was  fully  inveftigated,  and  applied 
to  the  important  purpofe  of  diflinguifliing  the  purity  of  atmo- 
fpheric  air  by  Dr.  Prieftley.  When  about  two  meafures  of  com- 
mon air  and  one  of  nitrous  gas  are  mixed  together  a red  effer- 
vefccnce  takes  place,  and  the  two  airs  occupy  about  one  fourth 
jefs  fpace  than  was  previoufly  occupied  by  the  common  air 
alone. 

a.  Concerning  the  green  fubflance  which  grows  at  the  bottom 
of  refervoirs  of  water,  which  Dr.  Prieftley  difeovered  to  yield 
much  pure  air  when  the  fun  ftione  on  it.  His  method  of  col- 
leAing  this  air  is  by  placing  over  the  green  fubftance,  which  he 
|>clievcs  to  be  a vegetable  of  the  genus  conferva,  an  inverted 
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To  his  charm’d  eye  in  gay  undrefs  appear. 

Or  pour  your  fecrets  on  his  raptured  ear. 

How  nitrous  Gas  from  iron  ingots  driven 
Drinks  with  red  lips  the  pureft  breath  of  heaven  ; 
How,  while  Conferva  from  its  tender  hair 
Gives  in  bright  bubbles  empyrean  air. 

The  cryftal  floods  phlogiftic  ores  calcine, 

N 

iknd  the  pure  Ether  marries  with  the  Mine. 

So  in  Sicilia’s  ever-blooming  Ihade  1 89 

When  playful  Proserpine  from  Ceres  flray’d. 


bell-glafs  previoufly  filled  with  water,  which  fuhfidcs  as  the  air 
arifes ; it  has  fince  been  found  that  all  vegetables  give  up  pure 
air  from  their  leaves,  when  the  fun  fliincs  upon  them,  but  not 
in  the  night,  which  may  be  owing  to  the  fleep  of  the  plant. 

3.  The  third  refers  to  the  great  quantity  of  pure  air  contained 
in  the  calces  of  metals.  The  calces  were  long  known  to  weigh 

I 

much  more  than  the  metallic  bodies  before  calcination,  info- 

I 

much  that  100  pounds  of  lead  will  produce  113  pounds  of  mi- 
nium ; the  ore  of  m.anganefe,  vvhich  is  always  found  near  the 
(urface  of  the  earth,  is  replete  with  pure  air,  which  is  now  ufed 
for  the  purpofe  of  bleaching.  Other  metals  when  expofed  to 
the  atmofphere  attratl  the  pure  air  from  it,  and  become  calces 
by  its  combination,  as  zinc,  lead,  iron;  and  increafe  in  weight 
in  pipportion  to  the  air  which  they  imbibe. 

^Vhen  playful  Proferpine.  1,  190.  The  fable  of  Proferpine’s 
toeing  feized  by  Pluto  as  (he  was  gathering  flowers  is  explained 


Canto  IV. 


VEGETATION. 


199 


Led  with  unwary  ftep  her  virgin  trairis 
O’er  Etna’s  fteeps,  and  Enna’s  golden  plains  ; 
Pluck’d  with  fair  hand  the  filver-bloflbm’d  bowxr. 
And  purpled  mead, — herlelf  a fairer  flo'yver; 
Sudden,  unfeen  amid  the  twilight  glade, 

Rufli’d  gloomy  Dis,  and  feized  the  trembling 
maid. — 

Her  ftarting  damfels  Sprung  from  mofly  feats. 
Dropp’d  from  their  gauzy  laps  the  gather’d  fweets. 
Clung  round  the  ftruggling  Nymph,  wdth  piercing 
cries 

Purfued  the  chariot,  and  invoked  the  fkies ; — 
Pleafed  as  he  grafps  her  in  his  iron  arms,  501 
Frights  with  foft  fighs,  with  tender  words  alarms. 
The  wheels  defcending  roll’d  in  fmoky  rings, 
Jnfernal  Cupids  flapp’d  their  demon  wings ; 


by  Lord  Bacon  to  fignify  the  combination  or  marriage  of  ethe- 
real fpirit  with  earthly  materials.  Bacon’s  Works,  Vol.V. 
p.470.  edit.4to.  Lontl.  1778.  This  allulion  is  Bill  more  curi- 
oufly  exaft,  from  llie  late  difcoyery  of  pure  air  being  given  up 
from  vegetables,  and  that  then  in  its  unmixed  ftate  it  more  rea- 
dily combines  with  metallic  or  inflammable  bodies.  From  thefe 
fables,  which  were  probably  taken  from  antient  hieroglyphics, 
there  is  frequently  reafon  to  believe  that  the  Egyptians  poflefled 
much  chemical  knowledge,  which  for  want  of  alphabetical  writ- 
ing perilhed  with  their  philofophers. 
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Earth  with  deep  yaw’ii  received  the  Fair,  amaz'd. 
And  far  in  Night  celeftial  Beauty  blaz’d. 

VI.  “ Led  by  tlic  Sage,  Lp  ! Britain’s  fons 
fliall  guide 

Huge  Sea-balloons  beneath  the  tolling  tide  ; 


Led  by  the  Sage.  1.  207.  Dr.  Prieflley’s  dii'covery  of  the  pro- 
(lu6lion  of  pure  air  froni  fuch  variety  of  fubftances  will  probably 
foon  be  applied  to  the  improvement  of  the  diving  bell,  as  the 
fubflances  which  contain  vital  air  in  immenfe  quantities  are  of 
little  value  as  manganefe  and  minium.  See  additional  notes.  No, 
XXXIII.  In  every  hundred  weight  of  minium  tliere  is  com- 
’ bined  about  twelve  pounds  of  pure  air;  now  as  fixty  pounds  of 
water  are  about  a.  cubic  foot,  and  as  air  is  eight  liundred  times 
lighter  than  water,  five  hundred  weight  of  minium  will  pro- 
duce eight  hundred  cubic  feet  of  air,  or  about  fix  thoufand  gal- 
lons. Now,  as  this  is  at  leaf!:  thrice  as  pure  as  atmofpheric  air, 
a gallon  of  it  may  be  fuppofed  to  ferve  for  three  minutes  refpi- 
ration  for  one  man.  At  prefent  the  air  cannot  be  fet  at  liberty 
from  minium  by  vitriolic  acid  without  the  application  of  fomc 
heat ; this  is  however  very  likely  foon  to  be  difeovered,  and  will 
then  enable  adventurers  to  journey  beneath  the  ocean  in  large 
inverted  fhips  or  diving  balloons. 

Mr.  Boyle  relates,  that  Cornelius  Drebclle  contrived  not  only 
veffel  to  be  rowed  under  water,  but  alfo  a liquor  to  be  carried 
in  that  veffel,  which  would  fupply  the  want  of  frelh  air.  The 
veffel  was  made  by  order  of  James  I.  and  carried  twelve  rowers 
befides  paffengers.  It  was  tried  in  the  river  Thames,  and  one 
bf  the  perfons  who  was  in  that  fubmarine  voyage  told  the  par- 
ticulars of  the  experiments  to  a perfon  who  related  them  to  Mr. 
Boyle.  Annual  Regifler  for  1774?  P«  248. 
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The  diving  caftles,  roof’d  with  fpheric  glafs,  209 

Ribb’ d w ith  ftrong  oak , and  barr’ d w ith  bolts  of  brafs. 

Buoy’d  with  pure  air  fliail  endlefs  tracks  purfue, 

And  Priestley’s  hand  the  vital  flood  renew. — 

Then  fhall  Britannia  rule  the  wealthy  realms. 

Which  Ocean’s  wide  infatiate  wave  o’erwhelms; 

Confine  in  netted  bowers  his  fcaly  flocks, 

Part  his  blue  plains,  and  people  all  his  rocks. 

Deep,  in  warm  waves  beneath  the  Line  that  roll 

Beneath  the  fliadowy  ice-ifles  of  the  Pole, 

Onward,  through  bright  meandering  vales,  afar, 

Obedient  Sharks  fhall  trail  her  feeptred  car,  2:20 

With  harnefs’d  necks  the  pearly  flood  difturb, 

\ 

Stretch  the  filk  rein,  and  champ  the  filver  curb ; 
Pleafed  round  her  triumph  wondering  Tritons  pby, 
And  Sea-maids  hail  her  on  the  watery  way. 

— Oft  fliall  flic  weep  beneath  the  cryftal  waves 
O’er  fliipwrcck’d  lovers  weltering  in  their  graves ; 
Mingling  in  death  the  Brave  and  Good  behold. 
With  flavcs  to  glory,  and  with  flaves  to  gold ; 
Shrin’  din  the  deep  fliall  DAYandSpALDiNG  mourn , 
Each  in  his  treacherous  bell,  fepulchral  urn  ! — 230 


Day  and  Spalding  mourn.  I.  229.  Mr.  Day  perifhed  in  a 
diving  bell,  or  diving  boat,  of  his  own  conftrudlion,  at  Plymouth, 
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Oft  o’er  thy  lovely  daughters,  haplefs  Pierce  ! 
Her  fighs  lhall  breathe,  her  forrows  dew  their 
hearfc. — 


in  June  1774,  in  which  he  wns  tp  have  continued  for  a wager 
twelve  hours  one  hundred  feet  deep  in  W'ater,  and  prob.rbly  pe- 
rllhcd  from  his  not  pofTefling  all  the  hydrollatic  };nowledge  that 
was  neceffary.  See  note  on  Uiva,  Vol.II.  of  this  work.  Sec 
Annual  Reglfter  for  1774,  p.  245. 

Mr.  Spalding  was  profeffionally  ingenious  in  the  art  of  con- 
flrudling  and  managing  the  diving  bell,  and  had  praddifed  the 
bufmefs  many  years  with  fuccefs.  He  w'ent  down  accompanied 
by  one  of  his  young  men  twice  to  view  the  wreck  of  the  Im- 
perial Eaft-Indiaman at  the  Kilh  bank  in  Ireland.  On  defeend- 
ing  the  third  time  in  June,  1783,  they  remained  about  an  hour 
under  water,  and  had  two  barrels  of  air  fent  down  to  them,  but 
on  the  fignals  from  below  not  being  again  repeated,  after  a cer- 
tain rime,  they  were  drawn  up  by  their  affiftants  and  both  found 
dead  in  the  bell.  Annual  Regifler  for  1783,  p.2"6.  Thefe 
two  unhappy  events  may  for  a time  check  the  ardor  of  adventu- 
rers in  travelling  the  bottom  of  the  ocean,  but  it  is  probable  in 
another  half  century  it  may  be  fafer  to  travel  under  the  ocean 
than  over  it,  fince  Dr,  Prieftley’s  difcovery  of  procuring  pur« 
air  in  fuch  great  abundance  from  the  calces  of  metals. 

Haplefs  Pierce!  I.231.  The  Halfewell  Eaft-Tndiaman,  out- 
ward bound,  was  wrecked  off  Scacomb  in  the  ifle  of  Purbec  on 
the  6th  of  January,  1786  ; when  Capt.  Pierce  the  commander, 
with  two  young  ladies,  his  daughters,  and  the  greateft  part  of 
the  crew  and  paffengers  peridied  in  the  fea.  Some  of  the  offi- 
cers and  about  feventy  fcamcn  efcaped  with  great  difficulty  on 
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With  brow  upturn’d  to  Heaven,  ‘‘We  wile 
not  Part  I * 

He  cried,  and  clafpM  them  to  his  aching  heart, — 

Dafh’d  in  dread  rnnflid:  on  the  rocky  grounds, 

(Crafti  the  Ihock’d  mafts,  the  f^aggering  wreck  re- 
bounds ; 

Through  gaping  fearns  the  rufhing  deluge  fwims. 
Chills  their  pale  bofbms,  bathes  their  Ihuddering 
limb§. 

Climbs  their  white  flioulders,  buoys  their  ftreamr 
ing  hair. 

And  the  laft  fea-Ihriek  bellows  in  the  air. — 240 
Each  with  loud  fobs  her  tender  fire  carefs’d. 

And  gafping  ftrain* d him  clofer  to  her  breavl; ! — 
— Stretch’d  on  one  bier  they  fleep  beneath  the 
brine. 

And  their  white  bones  with  ivory  arms  intwine  ! 

VII. Sylphs  of  nice  ear!  wnth  beating 
wings  YOU  guide 

The  fine  vibrations  of  the  aerial  tide ; 

the  rocks,  but  Capt.  Pierce  finding  it  was  impofliblc  to  fave  the 
lives  of  the  young  ladies  refufed  to  quit  the  fiiip,  and  periflicd 
with  them. 
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Join  in  fwcet  cadencejf  the  mcafured  words. 

Or  ftretch  and  modulate  the  trembling  chords. 
You  ftrung  to  melody  the  Grecian  lyre, 

Breathed  the  rapt  long,  and  fan’d  the  thought  of  lire. 
Or  brought  in  combinations,  deep  and  clear,  251 
Immortal  harmony  to  Handel’s  car. — 

Y’ou  with  foft  breath  attune  the  vernal  gale. 
When  breezy  evening  broods  the  llllening  vale  ; 
Or  wake  the  loud  tumultuous  founds,  that  dwell 
In  Echo’s  many-toned  diurnal  fliell. 

You  melt  in  dulcet  chords,  w'hen  Zephyr  rings 
The  Eolian  Harp,  and  mingle  all  its  firings  ; 

Or  trill  in  air  the  foft  l^  mphonlous  chime. 

When  rapt  Cecilia  lifts  her  eye  fublime,  260 
Swell,  as  flic  breathes,  her  bofom’s  rifing  fnow. 
O’er  her  white  teeth  in  tuneful  accents  flow, 
Through  her  lair  lips  on  wdiifpering  pinions  m.ovc. 
And  form  the  tender  fighs,  that  kindle  love  ! 

‘‘  So  playful  Love  on  Ida’s  flowery  fides 
With  ribbon-rein  the  indignant  Lion  guides ; 

IruJlgmfit  lion  guides.  1.  266.  Defcrlbed  from  nn  antlent 
gern,  cxpreflTive  of  the  combined  power  of  love  and  mufic,  in  the 
Mufeum  Florcnt. 
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Pleafed  on  his  brinded  back  the  lyre  he  rings, 

And  Ikakes  delirious  rapture  from  the  ftrlngs  ; 
Slow  as  the  paufing  Monarch  ftalks  along,  569 
Sheaths  his  retradlle  claws,  and  drinks  the  fong; 
Soft  Nymphs  on  timid  ftep  the  triumph  view. 

And  liftenlng  Fawns  with  beating  hoofs  purfue; 
With  pointed  ears  the  alarmed  foreft  ftarts. 

And  Love  and  Mufic  foften  favage  hearts. 

Vlil.  ^'Sylphs!  your  bold  hods,  when 
Heaven  with  juflice  dread 
CalU  the  red  temped  round  the  guilty  head. 
Fierce  at  his  nod  alfumc  vindiedive  forms. 

And  launch  from  airy  cars  the  vollied  dorms. — 
From  Adiur’s  vales  when  proud  Semnacherib 
trod. 

Pour’d  his  fvvoln  heart,  defed  the  living  God,  2S0 

% 

Urged  with  Inceffant  diouts  his  glittering  powers. 
And  Judah  diook  through  all  her  maJy  towers  ; 
Round  her  fad  altars  prefs  the  prodrate  crowd. 
Hods  beat  their  breads,  and  fuppllant  chieftains 
bow’d ; 

Loud  fhrieks  of  matrons  thrlH’d  the  troubled  air. 
And  trembllns!:  virgins  rent  their  fcatter’d  hair;. 
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High  in  the  tnldft  the  kneeling  King  adored. 
Spread  the  blafpheming  fcroll  before  the  Lord, 
Raifed  his  pale  hands,  and  breathed  his  pauIing 
fighs,  289 

And  fixed  on  heaven  his  dim  imploring  eyes, — 
Oh  ! Mighty  God  ! amidfl:  thy  Seraph-throng 
“ Who  fit’fi:  fublime,  the  Judge  of  Right  and 
‘‘  Wrong ; 

“ Thine  the  wide  earth,  bright  fun,  and  Harry  zone, 
That  twinkling  journey  round  thy  golden 
throne ; 

Thine  is  the  cry  Hal  fourcc  of  life  and  light. 

And  thine  the  realms  of  Death’s  eternal  night. 
Oh ! bend  thine  ear,  thy  gracious  eye  inclinej 
“ Lo  ! AHiur’s  King  blafphemes  thy  holy  Hirine> 

“ Infults  our  offerings,  and  derides  our  vows, — 

“ Oh  ! Hrike  the  diadem  from  his  impious 
brovvs,  300 

“ Tear  from  his  murderous  hand  the  bloody  rod, 

‘‘  And  teach  the  trembling  nations,  Tuou  art 

“ God  I” 

— Sylphs  ! in  what  dread  array  with  pennons 
broad 

Onward  yc  floated  o’er  the  ethereal  road. 
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Call’d  each  dank  fteam  the  reeking  marfh  exhales. 
Contagious  vapours,  and  volcanic  gales. 

Gave  thefoft  South  with  poifonous  breath  to  blow. 
And  rolled  the  dreadful  whirlwind  on  the  foe  ! 


Volcanic  gales.  1.  306.  The  peftilential  winds  of  the  eaft  are 
defcribed  by  various  authors  under  various  denominations  ; as 
harmattan,  famiel,  famium,  fyrocca,  kamfin,  feravanfum.  M. 
de  Beauchamp  deferibes  a remarkable  fouth  wind  m the  deferts 
about  Bagdad,  called  feravanfum,  or  poifon-wmd  ; it  burns  the 
face,  impedes  refpiratiorl,  ftrips  the  trees  of  their  leaves,  and  is 
faid  to  pafs  oh  in  a ftraight  line,  and  often  kills  people  m fix  hours. 
P.  Cotte  fur  la  Meteorol.  Analytical  Review  for  February, 
1790.  M.  Volney  fays,  the  hot  wind  or  ramfin  feems  to  blow 
at  the  feafon  when  the  fands  of  the  deferts  are  the  hotteft  ; the 
air  is  then  filled  with  an  extremely  fubtile  duft.  Vol.  I.  p.  61. 
Thefe  winds  blow  in  all  diredlions  from  the  deferts;  in  Egypt 
the  moft  violent  proceed  from  the  S.  S.  W.  at  Mecca  from  the 
E.  at  Surat  from  the  N.  at  Baffora  from  the  N.  VV.  at  Bagdad 
from  the  and  in  Syria  tiom  the  S.  £• 

On  the  fouth  of  Syria,  he  adds,  where  the  Jordan  flov/s  is  a 
country  of  volcanos ; and  it  is  obferved  that  the  earthquakes  in 
Syria  happen  after  their  rainy  feafon,  which  is  alio  conformable 
to  a firiiilar  obfervation  made  by  Dr.  Shaw  in  Barbary.  Travels 

in  Egypt^  Vol.  I.  p.  3^3* 

Thefe  winds  feem  all  to  be  of  volcanic  origin,  as  before  men- 
tioned, with  this  difference,  that  the  Simoom  is  attended  with  a 
flream  of  ekaric  matter  ; they  feem  to  be  in  confequence  of 
earthquakes  caufed  by  the  monfoon  floods,  which  fall  on  volca 
nic  fires  in  Svria,  at  tire  fame  time  that  they  inundate  the  Nile. 
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Hark  ! o’er  the  camp  the  venom’d  tempeft  fings, 
Man  falls  on  Man,  on  buckler  buckler  rings  ; 310 
Groan  anfvvcrs  groan,  to  anguidi  anguifli  yields. 
And  Death’s  loud  accents  fliakethe  tented  fields  ! 
— High  rears  the  Fiend  his  grinning  jaws,  and  wide 
Spans  the  pale  nations  with  colofTal  ftride. 

Waves  his  broad  falchion  with  uplifted  hand. 

And  his  vaft  fliadow  darkens  all  the  land. 


IX.  I.  “ Ethereal  Cohorts!  Efienccs  of  Air  ! 
Make  the  green  children  of  the  Spring  your  care ! 
Oh,  Sylphs  ! dlfclofe  in  this  inquiring  age  319 
One  Golden  Secret  to  fome  favour’d  fage; 

One  golden  Jecrct.  1.  320.  U he  fuddennefs  of  the  change  of 
the  win.d  from  N.  E.  t.o  S.  \V.  feems  to  Ihew  that  it  depends  on 
foine  minute  chemical  caufe  ; which  if  it  was  difeovered  might 
probably,  lihe  oth.cr  cliemical  caufes,  be  governed  by  human 
agency  ; fucli  as  hiowing  up  rocks  by  gunpowder,  or  extracting 
the  lightning  from  the  clouds.  It  this  could  be  accompliflied. 
It  would  he  the  inofl  happv  ditcovcry  that  ever  has  happened  to 
thefc  northern  huitudes,  lince  in  this  country  the  N.  K.  winds 
bring  frert,  and  the  W.  ones  arc  attended  with  warmth  and 
moiiUne  ; if  the  interior  currems  of  air  could  be  kept  perpetu- 
ally from  tlie  h.  W.  fupplied  by  new  piodudions  of  air  at  the 
line,  or  by  fuperior  currents  flowing  in  a contrary  dire6Iion,  the 
vegetation  of  this  countiy  would  he  doubled  ; as  in  the  moift  val- 
hes  of  Africa,  which  know  no  froft ; the  number  of  its  inhabi- 
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Grant  the  charm’d  talifman,  the  chain,  that  binds. 
Or  guides  the  changetul  pinions  of  the  winds! 

No  more  lliall  hoary  Boreas,  iffuing  forth 

With  Eurus,  lead  the  tempefts  of  the  North ; 
Rime  the  pale  Dawm,  or  veil’d  in  flaky  Ihowers 
Chill  the  Iwcet  bofoms  of  the  fmiling  Hours. 

By  whifpcring  Aufter  waked  fhall  Zephyr  rife. 
Meet  with  foft  kifs,  and  mingle  in  the  fkies. 

Fan  the  gay  floret,  bend  the  yellow  ear. 

And  rock  the  uncurtain’d  cradle  of  the  year ; 330 
Autumn  and  Spring  in  lively  union  blend. 

And  from  the  fkies  the  golden  Age  defcend. 

2.  Caftled  on  ice^^  beneath  the  circling  Bear, 
A vafl:  Cam  ELION  drinks  and  vomits  air ; 

O’er  twelve  degrees  his  ribs  gigantic  bend. 

And  many  a league  his  gafping  jaws  extend  ; 
Half-filh,  beneath,  his  fcaly  volutes  fpread. 

And  vegetable  plumage  crefts  his  head  ; 


tants  would  be  increafed,  and  their  lives  prolonged ; as  great 
abundance  of  the  aged  and  infirm  of  mankind,  as  well  as  many 
birds  and  animals,  are  deftroyed  by  fevere  continued  frolls  in  this 
climate. 

A vajl  CamcUon.  1-334.  additional  notes,  No.XXXIIT. 
on  the  deftru(SUon  and  reprodu61ion  of  the  atmolphere, 
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Huge  fields  of  air  his  wrinkled  fkin  receives,  339 
From  panting  gills,  wide  lungs,  and  waving  leaves; 
Then  with  dread  throes  fubfides  his  bloated  form, 
His  Ihriek  the  thunder,  and  his  figh  the  ftorm. 

Oft  high  in  heaven  the  hiding  Demon  wins 
His  towering  courfe,  upborne,  on  winnowing  fins ; 
Steers  with  expanded  eye  and  gaping  mouth. 

His  mafs  enormous  to  the  affrighted  South ; 
Spreads  o*er  the  fhuddering  Line  his  fhadowy  limbs, 
And  Frofi:  and  Famine  follow  as  he  fwlms. — 
Sylphs  ! round  his  cloud-built  couch  your  bands 
array. 

And  mould  the  Monfter  to  your  gentle  fway ; 350 
Charm  with  foft  tones,  with  tender  touches  check. 
Bend  to  your  golden  yoke  his  willing  neck. 

With  filver  curb  his  yielding  teeth  reftraln. 

And  give  to  Kir  wan  s hand  the  filken  rein. 

— Pleafed  fhall  the  Sage,  the  dragon- wings  be- 
tween. 

Bend  o’er  difcordant  climes  his  eye  ferenc, 

Kirwatis  hand.  1. 354.  Mr.  Kirwan  has  publifhed  a va- 
luable treatife  on  the  temperature  of  climates,  as  a ftep  towards 
inveftigating  the  theory  of  the  winds;  and  has  fince  written 
fome  ingenious  papers  on  this  fubjed  in  the  Tranfa£lions  of  the 
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With  Lapland  breezes  cool  Arabian  vales, 

And  call  to  Hindoftan  antardlc  gales. 

Adorn  with  wreathed  ears  Kampfchatca’s  brows. 
And  fcatter  roles  on  Zealandic  fnows,  3^0 

Earth’s  wondering  Zones  the  genial  feafons  Ibare, 
And  nations  hail  him  Monarch  of  the  Air.” 

X.  I.  “Sylphs  as  you  hover  on  ethereal 
wing. 

Brood  the  green  children  of  parturient  Spring ! 
Where  in  their  burfting  cells  my  Embryons  reft, 

I charge  you,  guard  the  vegetable  neft ; 

Count  wdth  nice  eye  the  myriad  Seeds,  that  fwell 
Each  vaulted  womb  of  hufk,  or  pod,  or  Ihell ; 

The  myriad  feeds.  I.367.  Nature  would  feem  to  have  been 
wonderfully  prodigal  in  her  feeds  of  vegetables,  and  the  fpawn  of 
fiOi ; almoft  any  one  plant,  if  all  its  feeds  fhould  grow  to  matu- 
rity, would  in  a few  years  alone  people  the  terfeftrial  globe.  Mr. 
Ray  aflerts  that  I0I3  feeds  of  tobacco  weighed  only  one  grain, 
and  that  from  one  tobacco  plant  the  feeds  thus  calculated  amounted 
to  360,000 ! The  feeds  of  the  ferns  arc  by  him  fuppofed  to  ex- 
ceed a million  on  a leaf.  As  the  works  of  nature  are  governed 
by  general  laws  this  exuberant  reprocluaion  prevents  the  acci- 
dental extindion  of  the  fpecies,  at  the  fame  time  that  they  ferve 
for  food  for  the  higher  orders  of  animation. 

Every  feed  poffeffes  a refervoir  of  nutriment  defigned  tor  the 
growth  of  the  future  plant,  this  confills  of  (larch,  mucilage,  or 
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Feed  with  fweet  juices,  clothe  with  downy  hair, 
Or  hang,  inlhrined,  their  little  orbs  in  air.  370 

So  late  defcry’d  by  Herschel’s  piercing 
fight, 

Hang  the  bright  fquadrons  of  the  twinkling  Night;- 
Ten  thoufand  marfhall’d  ftars,  a filver  zone, 

EfFufe  their  blended  luftres  round  her  throne ; 
Suns  call  to  funs,  in  lucid  clouds  confpire, 

And  light  exterior  Ikies  with  golden  fire ; 

Refifllefs  rolls  the  illimitable  fphere. 

And  one  great  circle  forms  the  unmeafured  year. 
— Roll  on,  YE  Stars  ! exult  in  youthful  prime, 
Mark  with  bright  curves  the  printlefs  Reps  of 
Time ; 380 

oil,  within  the  coat  of  the  feed,  or  of  fugar  and  fubacid  pulp  in 
the  fruit,  which  belongs  to  it. 

For  the  prefervation  of  the  immature  feed  nature  has  ufed 
many  ingenious  methods;  fome  are  wrapped  in  down,  as  the 
feeds  of  the  rofe,  bean,  and  cotton-plant;  others  are  fufpended  in 
a large  air-veffel,  as  thofc  of  the  bladder-fena,  ftaphylaea,  and 
pea. 

And  light  exterior.  1.  376.  I fufpedl  this  line  is  from  Dwight's 
Conqueft  of  Canaan,  a poem  written  by  a very  young  man,  and 
\vhich  contains  much  fine  verfification. 
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Near  and  more  near  your  beamy  ears  approach, 
And  leffening  orbs  on  leffening  orbs  encroach  ; 
Flowers  of  the  fky  ! ye  too  to  age  muft  yield. 

Frail  as  your  filken  fillers  of  the  field ! 

Star  after  liar  from  Heaven  s high  arch  lhall  rulli. 
Suns  fink  on  funs,  and  fyllems  fyftems  crulli, 
Headlong,  extin6l,  to  one  dark  centre  fall, 

And  Death  and  Night  and  Chaos  mingle  all ! 

Till  o’er  the  wreck,  emerging  from  the  llorm. 

Immortal  Nature  lifts  her  changeful  form,  390 
Mounts  from  her  funeral  pyre  on  wings  of 
flame. 

And  foars  and  Ihines,  another  and  the  fame. 


Near  and  more  near.  1. 381.  From  the  vacant  fpaces  in  fome 
parts  of  the  heavens,  and  the  correfpondent  cluflers  of  ftars  in 
their  vicinity,  Mr.  Herfchel  concludes  that  the  nebnls  or  con- 
flellations  of  fixed  ftars  are  approaching  each  other,  and  muft 
finally  coalefce  in  one  mafs.  Phil.  Tranf.  Vol.  LXXV. 

Till  o'er  the  wreck.  I.389.  The  ftory  of  the  phenix  rifing 
from  its  own  afhes  with  a twinkling  ftar  upon  its  head,  feems 
to  have  been  an  antient  hieroglyphic  emblem  of  the  deftrudlion 
and  refufcitation  of  all  things. 

There  is  a figure  of  the  great  Platonic  year  with  a phenix  on 
his  hand  on  the  reverfe  of  a medal  of  Adrian.  Spence’s  Polym. 
Pi  189, 
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2.  Lo  ! on  each  Seed  within  its  flender  rind 
Life’s  golden  threads  in  endlcfs  circles  wind ; 
Maze  within  maze  the  lucid  webs  are  roll’d, 

And,  as  they  burft,  the  living  flame  unfold. 

ATaxe  ivlth'n  maze.  1. 395.  The  elegant  appearance  on  dlflecr 
tionot  the  young  tulip  in  the  bulb  was  fiiftobfciveuby  Mariotte, 
and  is  mentioned  in  the  note  on  tiilipa  in  Vol.  IT.  and  was  after- 
v\atds  noticed  bv  Ou  Hamel.  Acad.  Scien.  Lewenhoeck  ai?- 
Cures  us  that  in  tlie  bud  of  a cutrant  tice  he  could  not  only  dif- 
cover  the  ligneous  part  but  even  the  berries  themfelves,  appear- 
ing like  Imall  grapes.  Chamb.  Di£l.  art.  Bud.  Mr.  Baker  fays 
he  diffetSlcd  a feed  of  trembling  grafs  in  which  a perfect  plant 
appealed  with  its  root  fending  forth  two  branches,  from  each  of 
whiclr  feveral  leaves  or  blades  of  grafs  proceeded.  Microfe. 
Vol.L  p.  252.  Mr.  Bonnet  faw  four  generations  of  fucceflivp 
plants  in  the  bulb  of  a hyacinth.  Bonnet  Corps  Organ.  Vol.  I. 
p.icj.  Haller’s  Phyfiol.  Vcl,  I.  p.91.  In  the  terminal  bud 
of  a horfe-chefnut  the  new  Hower  may  be  feen  by  the  naked  eye 
covered  with  a mucilaginous  dov/n,  and  the  fame  in  the  bulb  of 
a narcifTus,  as  I this  morning  obferved  in  feveral  of  them  fept 
me  by  Mifs  jaefon  for  that  purpofe.  Sept.  16. 

Mr.  Ferber  fpeaks  of  the  pleafure  he  received  in  obferving  in 
the  buds  of  hepatica  and  pedicularis  hirfuta  yet  lying  hid  in  the 
earth,  and  in  the  gunr.s  of  the  fhruh  daphne  inezercon,  and  at 
the  bale  of  ofmunda  lunaria  a perfect  plant  of  the  futuie  year, 
dirccrniUe  in  all  its  parts  a year  before  it  comes  forth,  and  in  the 
feeds  of  nymphea  nelumbo  the  leaves  of  the  plant  were  feen  fo 
diftiii6lly  liut  the  author  found  out  by  them  what  plant  the  feeds 
belonged  to.  ..  ne  fame  of  the  feeds  of  the  tulip  tree  or  linoden- 
dron  tulipifcrum,  Ama;n.  Acad.  Vol.  VI. 


Cauto  IV. 


215 


VEGETATION. 

The  pulpy  acorn,  ere  it  fwells,  contains 
The  Oak’s  vaft  branches  in  its  milky  veins ; 

Each  ravel’d  bud,  fine  film,  and  fibre-line 
Traced  with  nice  pencil  on  the  fmall  defign.  400 
The  young  Narcifius,  in  its  bulb  comprefs  d. 

Cradles  a fccond  neftling  on  its  breafl ; 

In  whofe  fine  arms  a younger  embryon  lies. 

Folds  its  thin  leaves,  and  Ihuts  its  floret-eyes , 

Grain  within  grain  fucceffive  harvefts  dwell. 

And  boundlefs  forefts  Humber  in  a Ihell. 

So  yon  grey  precipice,  and  ivy  d towers, 

Long  winding  meads,  and  intermingled  bowers, 
Green  files  of  poplars,  o’er  the  lake  that  bow, 

Andglimmeringwheel,whichrollsandfoamsbelow, 

In  one  bright  point  with  nice  diftindion  he  41 1 
Plann’d  on  the  moving  tablet  of  the  eye. 

So,  fold  on  fold.  Earth’s  wavy  plains  extend, 

And,  fphere  in  fphere,  its  hidden  ftrata  bend;— 
Incumbent  Spring  her  beamy  plumes  expands 
O’er  reftlefs  oceans,  and  impatient  lands. 

With  genial  luftres  warms  the  mighty  ball. 

And  the  Great  Seed  evolves,  difclofing  All ; 

Jndthe  Great  Seed.  I.418.  Alluding  to  the  TTforo.  or  firft 

great  egg  of  the  antient  philofophy,  it  had  a ferpent  xvrapped 

P 4 


AiS  ECONOMY  OF  Canto  IV. 

Life  huds  or  breathes  from  Indus  to  the  Poles, 
And  the  vaft  furface  kindles,  as  it  rolls  ! 42,0 

3.  ''Come,  TE  SOFT  Sylphs!  who  fport  on 
Latian  land, 

^ i 

Come,  fweet-lip’d  Zephyr,  and  Favonius  bland! 
Teach  the  fine  Seed,  inflind  with  life,  to  flioot 
On  Earth’s  cold  bofom  its  defcending  root; 


round  it  emblematical  of  divine  wifdom  : an  image  of  it  was 
afterwards  preferved  and  worfhipped  in  the  temple  of  Diofcuri, 
and  fuppofed  to  leprefent  the  egg  of  Leda.  See  a print  of  it  in 
Bryant’s  Mythology.  It  was  faid  to  have  been  broken  by  the 
horns  of  the  celeftial  bull,  that  is,  it  was  hatched  by  the  warmth 
of  the  fpring.  See  note  on  Canto  I.  1.413* 

And  the  vaji  furface.  1.  420.  L’Organization,  le  fentiment, 
Ic  movement  fpontane,  la  vie,  n’exillent  qu  a la  furface  de  la 
terre,  et  dans  les  lieux  expofes  a la  lumiere.  Traite  de  Chymie 
par  M.  Lavoifier,  Tom.  I.  p.  202. 

reach  the  fine  feed.  I.423.  The  feeds  in  their  natural  ftate 
fall  on  the  furface  of  the  earth,  and  having  abforbed  fome  moif- 
ture  the  root  ihoots  itfelf  downwards  into  the  eaith  and  the 
plume  rifes  in  air.  *1  hus  each  endeavouring  to  feek  its  proper 
pabulum  direcfted  by  a vegetable  irritability  fimilar  to  that  of 
the  lafteal  fyftem  and  to  the  lungs  in  animals. 

The  pith  feems  to  pufli  up  or  elongate  the  bud  by  its  clafli- 
city,  like  the  pith  jn  the  callow  quills  of  birds.  This  medulla 
Linnaeus  believes  to  confia  of  a bundle  of  fibres,  which  diverg- 
ing breaks  through  the  bark  yet  gelatinous  producing  the  buds. 
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With  Pith  elaftic  ftretch  its  rifing  ftem. 

Part  the  twin  Lobes,  expand  the  throbbing  Gem  ; 
Clafp  in  your  airy  arms  the  afpiring  Plume, 

Fan  with  your  balmy  breath  its  kindling  bloom. 
Each  widening  fcale  and  burfting  film  unfold. 
Swell  the  green  cup,  and  tint  the  flower  w'ith 

gold  ; 

While  in  bright  veins  the  filvery  Sap  afcends. 
And  refluent  blood  in  milky  eddies  bends. 


The  lobes  are  refervoirs  of  prepared  nutriment  for  the  young 
feed,  which  is  abforbed  by  its  placental  veffels,  and  converted  into 
fugar,  till  it  has  penetrated  with  its  roots  far  enough  into  the 
earth  to  extra^  fufficient  moifture,  and  has  acquired  leaves  to 
convert  It  into  nouriftiment.  In  fome  plants  thefe  lobes  nfe 
from  the  earth  and  fupply  the  place  of  leaves,  asm  kidney-beans, 
cucumbers,  and  hence  feem  to  ferve  both  as  a placenta  to  the 
foetus  and  lungs  to  the  young  plant.  During  the  procefs  of 
germination  the  ftarch  of  the  feed  is  converted  into  fugar,  as  is 
feen  in  the  procefs  of  malting  barley  for  the  purpofe  of  brewing. 
And  is  on  this  account  very  fimilar  to  tb.e  digeftion  of  food  in 
the  ftomachs  of  animals,  which  converts  all  their  aliment  into  a 
chyle,  which  confiftsof  mucilage,  oil,  and  fugar;  the  placenta- 
tion  of  buds  will  be  fpoken  of  hereafter. 

The Jihery  Sap.  I.  431.  See  additional  notes,  No.  XXX\. 

Jnd  refluent  blood.  1.  432-  See  additional  notes,  No. 
XXXVI. 
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While,  fpread  in  air,  the  leaves  refpiring  play, 

Or  drink  the  golden  quinteffence  of  day. 

— So  from  his  Ihell  on  Delta’s  fliower-lefs  ifle 
Burfts  into  life  the  Monfter  of  the  Nile  ; 

Firft  in  tranflucent  lymph  with  cobweb-threads 
The  Brain’s  fine  floating  tiffue  fwells,  and  fpreads ; 
Nerve  after  nerve  the  gliftening  fpine  defcends. 
The  red  Heart  dances,  the  Aorta  bends  ; 440 

Through  each  new  gland  the  purple  current 
glides. 

New  Veins  meandering  drink  the  refluent  tides ; 

The  leaves  refpiring  play.  1.  433.  See  addition?!  notes,  No. 
XXXVII. 

Or  drink  the  golden.  1.  434.  Linnaeus  having  obferved  the 
great  influence  of  light  on  vegetation,  imagirjed  that  the  leaves 
of  plants  inhaled  eledrlc  matter  from  the  light  with  their  upper 
furface.  (Syflem  of  Vegetables  tranflated,  p.  8.) 

The  efFedl  of  light  on  plants  occafions  the  adlion  of  the  vege- 
table mufcles  of  their  leaf-ftalks,  which  turn  the  upper  fide  of 
the  leaf  to  the  light,  and  which  open  their  calyxes  and  corols, 
according  to  the  exj  erimenls  of  Abbe  Teflier,  who  expofed  va- 
riety of  plants  in  a cavern  to  dlfl'ercnt  quantities  of  light.  Hill, 
dc  L’Academie  Royal.  Ann.  1783.  The  fleep  or  vigilance  of 
plants  feems  owing  to  the  prefence  or  abfence  of  this  ftimulus. 
See  note  on  Mimofa,  V ol.  II, 
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Edge  over  edge  expands  the  hardening  fcale, 

And  flieaths  his  flimy  fkin  in  filver  mail. 

Erewhile,  emerging  from  the  brooding  fand, 

With  Tyger-paw  He  prints  the  brinelefs  ftrand. 
High  on  the  flood  with  fpecklcd  bofom  fwims, 
Helm’d  with  broad  tail,  and  oar  d with  giant 
limbs; 

Rolls  his  fierce  eye-balls,  clafps  his  iron  claws, 

And  champs  v/ith  gnafliing  teeth  his  mafTy 
jaws;  45^ 

Old  Nilus  fighs  along  his  cane-crown’d  flrores. 

And  fwarthy  Memphis  trembles  and  adores. 

,;KI.  '‘Come,  ye  soft  Sylp«s!  who  fan  the 
Paphian  groves. 

And  bear  on  fportive  wings  the  callow  Loves ; 

Call  with  fweet  whifper,  in  each  gale  that  blows, 
The  flumbering  Snow-drop  from  her  long  repofe; ; 
Charm  the  pale  Primrofe  from  her  clay-cold  bed, 
Unveil  the  baftiful  Violet’s  tremulous  head; 

While  from  her  bud  the  playful  Tulip  breaks, 
And  young  Carnations  peep  wuth  blufhing  checks, 
Bid  the  clofed  Corol  from  nodurnal  cold  461 
Curtain’d  with  filk  the  virgin  Sllgma  told. 


220 


ECONOMY  OF 


Canto  IV, 

Shake  into  vlewlefs  air  the  morning  dews. 

And  wave  in  light  its  iridefeent  hues. 

So  fhall  from  high  the  burfting  Anther  truft 
To  the  mild  breezes  the  prolific  duft  ; 

Or  bow  his  waxen  head  with  graceful  pride. 
Watch  the  firfl  bluflies  of  his  waking  bride. 

Give  to  her  hand  the  honey’d  cup,  or  fip 
Celeftial  nedtar  from  her  fweetcr  lip;  470 

Hang  in  foft  raptures  o’er  the  yielding  Fair, 

Love  out  his  hour,  and  leave  his  life  in  air. 

Honey'd  cup.  I.  469.  The  nedtary  or  honey-gland  fupplles 
food  to  the  vegetable  males  and  females ; which  like  moths  and 
butterflies  live  on  the  honey  thus  produced  for  them,  till  they 
have  propagated  their  fpecies,  and  depofitcd  their  eggs,  and  then 
die,  as  explained  in  additional  note.  No.  XXXIX.  The  tops 
of  the  ftamens,  or  anthers,  are  covered  with  wax  to  protect  the 
prolific  dull:  from  the  injury  of  fliovvcrs  and  dews,  to  which  it  is 
impervious. 

Love  out  his  hour.  1.  472.  The  vegetable  paffion  of  love  is 
agreeably  feen  in  the  flower  of  the  parnaflia,  iii  which  the  males 
alternately  approach  and  recede  from  the  female,  and  in  the 
flower  of  nigella,  or  devil  in  the  bufli,  in  which  the  tall  females 
bend  down  to  their  dw’arf  hufbands.  But  I was  thit>  morning 
furprifed  to  obferve,  amongll;  Sir  Brook  Boothby’s  valuable  col- 
Icddion  of  plants  at  Aihhourn,  the  raanifcfl:  adultery  of  feveral 
females  of  the  plant  Collinfonia,  who  had  bent  themfclves  into 
contadl  with  the  males  of  other  flowers  of  the  fame  plant  in 
their  vicinity,  ncgledlful  of  their  own.  Sept.  16.  Sec  adefs- 
tional  notes,  No.  XXXV JIT. 
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So  in  his  filken  fepulchre  the  Worm, 

Warm’d  with  new  life,  unfolds  his  larva-form ; 
Erewhile  aloft  in  wanton  circles  moves, 

And  WOOS  on  Hymen-wings  his  velvet  loves. 

XII.  I /Hf  prouder  branches  with  exuberance  rude 
Point  their  green  germs,  their  barren  flioots  pro- 
trude ; 

Wound  them,  ye  Sylphs!  with  littleknives,  or  bind 
A wiry  ringlet  round  the  fwelling  rind  ; 480 

Unfolds  his  larva-form.  1.  474.  The  flower  burfts  forth  from, 
its  larva,  the  herb,  naked  and  perfea  like  a butterfly  from  its 
chryfalis ; winged  with  its  corol ; wing-flieathed  by  its  calyx; 
confifting  alone  of  the  organs  of  reproduaion.  The  males,  or 
ilamens,  have  tiieir  anthers  replete  with  a prolific  powder  con- 
taining the  vivifying  fovilla  ; in  the  females,  or  piftils,  exifts  the 
ovary,  terminated  by  the  tubular  ftigma.  When  the  anthers 
burft  and  (bed  their  bags  of  dull,  the  male  fovilla  is  received  by 
the  prolific  lymph  of  the  ftigma,  and  produces  the  feed  or  egg, 
which  is  nourilhed  in  the  ovary.  Syftem  of  Vegetables  tianflated 
from  Linnreus  by  the  Lichfield  Society,  p.  10. 

Wound  them,  ye  Sylphs ! I.  479-  Mr.  Whitmill  advifed  to  bind 
fome  of  the  moft  vigorous  ftroots  with  ftrong  wire,  and  even  fome 
of  the  large  roots ; and  Mr.  Warner  cuts,  what  he  calls  a wild 
worm  about  the  body  of  the  tree,  or  fcores  the  bark  quite  to  the 
wood  like 'a  ferew  with  a (harp  knife.  Bradley  on  Gardening, 
Vol.  II.  p.  155.  Mr.  Fitzgerald  produced  flowei's  and  fruit  on 
wall  trees  by  cutting  oft  a part  of  the  bark.  Phil.  Tranf.  Ann. 
1751.  M.  Buftbn  produced  the  fame  effefl  by  a ftraight 
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Bifed:  with  chlflel  fine  the  root  below, 
Or  bend  to  earth  the  Inhofpitable  bough. 


bandage  put  round  a branch,  Adi.  Paris,  Ann.  1738,  and  con- 
cludes that  an  ingrafted  branch  bears  better  from  its  veflels  being 
comprefled  by  the  callus. 

A complete  cylinder  of  the  bark  about  an  inch  in  height  was 
cut  off  from  the  branch  of  a pear  tree  againfi  a wall  in  Mr. 
Howard’s  garden  at  Lichfield,  about  five  years  ago ; the  circuili-^ 
cife  part  is  now  not  above  half  the  diameter  of  the  branch  above 
and  below  it,  yet  this  branch  has  been  full  of  fmit  every  year 
fince,  when  the  other  branches  of  the  tree  bore  only  fparingly. 
1 lately  obferved  that  the  leaves  of  this  wounded  branch  were 
fmaller  and  paler,  and  the  fruit  lefs  in  fize,  and  ripened  fooner 
than  on  the  other  parts  of  the  tree.  Another  branch  has  the 
bark  taken  off  not  quite  all  round,  with  much  the  fame 
cffedl. 

The  theory  of  this  curious  vegetable  fadl  has  been  efteemed 
difficult,  but  receives  great  light  from  the  foregoing  account  of 
the  Individuality  of  buds.  A flower-bud  dies,  when  it  has  per- 
fedled  its  feed,  like  an  annual  plant,  and  hence  requires  no  place 
on  the  bark  for  new  roots  to  pafs  downwards ; but  on  the  con- 
trary leaf-buds,  as  they  advance  into  fhoots,  form  new  buds  in  the 
axilla  of  every  leaf,  which  new  buds  require  new  roots  to  pafs 
down  the  bark,  and  thus  thicken  as  well  as  elongate  the  branch  ; 
now  if  a wire  or  firing  be  tied  round  the  bark,  many  of  thefe 
new  roots  cannot  defcend,  and  thence  more  of  the  buds  will  be 
converted  into  flower-buds. 

It  is  cuflomary  to  debark  oak-trees  in  the  fpring,  which  are 
intended  to  be  felled  in  the  cnfuing  autumn  ; becaufe  the  bark 
comes  off  eafier  at  this  feafon,  and  the  fap-wood,  or  alburnum,  is 
believed  to  become  harder  and  more  durable,  if  the  tree  remains 
till  the  end  of  fummer.  The  trees  thus  dripped  of  their  bark 
put  forth  flioots  as  ufual  with  acorns  on  the  6th,  7th  and 
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So  fhall  each  Germ  with  new  prolific  power 
Delay  the  leaf-bud,  and  expand  the  flower ; 

8th  joint,  like  vines;  but  In  the  brandies  I examined,  the  joints 
of  the  debarked  trees  were  much  (liorter  than  thofe  of  other  oak- 
trees  ; the  acorns  were  more  numerous ; and  no  new  buds  were 
prcxluced  above  the  joints  which  bore  acorns.  From  hence  it  ap- 
pears that  the  branches  of  debarked  oak-trees  produce  fewer 
leaf-buds,  and  more  flower  buds,  which  laft  clrcumftance  I fup- 
pofe  muft  depend  on  their  being  fooneror  later  debarked  in  the 
vernal  months.  And,  fecondly,  that  the  new  buds  of  debarked 
oak-trees  continue  to  obtain  moifture  from  the  alburnum  after 
the  feafon  of  the  afcent  of  fap  in  other  vegetables  ceales ; which 
in  this  unnatural  ftate  of  the  debarked  tree  may  ad  as  capillary 
tubes,  like  the  alburnum  of  the  fmall  debarked  cylinder  of  a 
pear  tree  above  mentioned  ; or  may  continue  to  ad  as  placental, 
veflels,  as  happens  to  the  animal  embryon  in  cafes  of  fuperfeta- 
tion  ; when  the  fetus  continues  a month  or  two  in  the  womb 
beyond  its  ufual  time,  of  which  fome  inftances  have  been  recor- 
ded, the  placenta  continues  to  fupply  perhaps  the  double  office 
botli  of  nutrition  and  of  refpiration. 

Or  bend  to  earth.  1.  482.  Mr.  Hitt,  in  his  treatlfe  on  fruit- 
trees,  obferves  that  if  a vigorous  branch  of  a wall  tree  be  bent  to 
the  horizon,  or  beneath  it,  it  lofesits  vigour  and  becomes  a bear- 
ing branch.  The  theory  of  this  I fuppofe  to  depend  on  the 
difficulty  with  which  the  leaf  flioots  can  protrude  the  roots 
neceCTary  for  their  new  progeny  of  buds  upwards  along  the  bend- 
ed branch  to  the  earth  contrary  to  their  natural  habits  or  powers, 
whence  more  flower  flioots  are  produced  which  do  not  require 
new  roots  to  pafs  along  the  bark  of  the  bended  branch,  but  which 
let  their  offspring,  the  feeds,  fall  upon  the  earth  and  feek  roots 
for  themfelvcs. 

IVith  new  prolific  power.  1.  483.  About  Midfummer  the  new 
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Clofed  in  the  Style  the  tender  Pith  fliall  end. 

The  lengthening  Wood  in  circling  Stamens 
bend  ; 

The  fmoothcr  Rind  its  foft  embroidery  fpread 
In  vaulted  Petals  o’er  the  gorgeous  bed ; 


buds  arc  formed  but  it  is  believed  by  fome  of  the  Linnasan 
fchool,  that  thefe  buds  may  in  their  early  ftate  be  either  con- 
verted into  flower-buds  or  leaf-buds  according  to  the  vigour  of 
the  vegetating  branch.  Thus  if  the  upper  part  of  a branch 
be  cut  away,  the  buds  near  the  extremity  of  the  remaining  flem, 
having  a greater  proportional  fupply  of  nutriment,  or  poffefling 
a greater  facility  of  /hooting  their  roots,  or  abforbent  ve/Tels, 
down  the  bark,  will  become  leaf-buds,  which  might  otherwife 
Lave  been  flower-buds,  and  the  contrary  ; as  explained  in  note 
on  1.  479  of  this  Canto. 

Clofed  in  the  Style.  1.  485.  “ I conceive  the  medulla  of  ^ 

plant  to  confill  of  a bundle  of  nervous  fibres,  and  that  the  pro- 
pelling vital  power  feparates  their  uppermoU  extremities.  Thefe 
diverging,  penetrate  the  bark,  which  is  now  gelatinous,  and  be- 
come multiplied  in  the  new  gem,  or  leaf-bud.  The  afeending 
veflels  of  the  bark  being  thus  divided  by  the  nervous  fibres, 
which  perforate  it,  and  the  afeent  of  its  fluids  being  thus  im- 
peded, the  bark  is  extended  into  a leaf.  Eut  the  flower  is  pro- 
duced, when  the  protrufion  of  the  medulla  is  greater  than  the 
retention  of  the  including  cortical  part ; whence  the  fubftance 
of  the  bark  is  expanded  m the  calyx  ; that  of  the  rind,  (or  in- 
terior bark,)  in  the  corol ; that  of  the  wood  in  the  /lamens, 
that  of  the  medulla  in  the  piflil.  Vegetation  thus  terminates  in 
the  produdHon  of  new  life,  the  ultimate  medullary  and  cortical 
fibres  being  colledled  in  the  feeds.”  Liunei  Syftema  Veget. 
p,  6.  edit.  14. 
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The  wrinkled  bark,  in  filmy  mazes  roll’d. 

Form  the  green  Calyx,  fold  including  fold ; 490 

Each  widening  Bradie  expand  it’s  foliage  hard. 

And  hem  the  bright  pavilion.  Floral  Guard. 

— So  the  cold  rill  from  Cintra’s  fteepy  Tides, 
Headlong,  abrupt,  in  barren  channels  glides ; 

Round  the  rent  cliffs  the  bark-bound  Suber  fpreads. 
And  lazy  monks  recline  on  corky  beds ; 

Till,  led  by  art,  the  wondering  water  moves 
Through  vine-hung  avenues,  and  citron  groves ; 
Green  Hopes  the  velvet  round  it’s  filver  fource. 

And  flow’ers,  and  fruits,  and  foliage  mark  it’s  courfe. 
At  breezy  eve,  along  the  irriguous  plain  501 
The  fair  Beckfordia  leads  her  virgin  train  ; 

Seeks  the  cool  grot,  the  fliadowy  rocks  among, 
And  tunes  the  mountain-echoes  to  her  Tong; 

Or  prints  with  graceful  fteps  the  margin  green. 
And  brighter  glories  gild  the  enchanted  Tcene. 

Z.  Where  cruder  Juices  Twell  the  leafy  vein, 
Stint  the  young  germ,  the  tender  bloffom  ffain  ; 

Cintra.  1.  493.  A village  on  the  fide  of  the  rock  of  Lifbon  : 
around  the  fummit  are  abundance  of  cork-trees,  and  fome  exca- 
vations, which  a few  monks  inhabit,  and  fleep  on  beds  or  benches* 
of  cork;  near  the  village  Mr.  Beckford  has  an  elegant  feat 
VoL.  I.  Q 
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On  each  lopp’d  fhoot  a fofter  felon  bind, 

Pith  prefs’d  to  pith,  and  rind  applied  to  rind,  510 
So  fhall  the  trunk  with  loftier  creft  afeend, 

And  wide  in  air  it’s  happier  arms  extend  ; 

Nurfc  the  new  buds,  admire  the  leaves  unknown, 
And  blulhing  bend  with  fruitage  not  it’s  own. 

“ Thus  when  in  holy  triumph  Aaron  trod. 

And  offer’d  on  the  thrine  his  myftic  rod; 

Nurfe  the  neiv  buds,  1.  Fairchild  budded  a paffion- 

tree,  whofe  leaves  were  fpotted  with  yellow,  into  one  which 
bears  long  fruit.  The  buds  did  not  take,  neverthelefs  in  a fort- 
night, yellow  fpots  began  to  Hiew  themfelves  about  three  feet 
above  the  inoculation,  and  in  a fhort  time  afterwards  yellow  fpots 
appeared  on  a fhoot  which  came  out  of  the  ground  from  another 
part  of  the  plant.  Bradley,  Vol.  IT.  p.  129.  Thefe  fa6ts  are 
the  more  curious,  fince  from  experiments  of  ingrafting  red  cur- 
rants on  black  (Ib.  Vol.  II.)  the  fruit  does  not  acquire  any 
change  of  flavour,  and  by  many  other  experiments  neither 
colour  nor  any  other  change  is  produced  in  the  fruit  ingrafted 
on  other  flocks. 

There  is  an  apple  deferibed  in  Bradley’s  work  which  is  faid  to 
have  one  fide  of  it  a fwcet  fruit  which  boils  foft,  and  the  other 
fide  a four  fruit  which  boils  hard,  which  Mr.  Bradley  fo  long  ago 
as  the  year  1721  ingcnloufly  aferibes  to  the  farina  of  one  of  thefe 
apples  impregnating  the  other,  which  would  feem  the  more  pro- 
bable if  we  confider  that  each  divifion  of  an  apple  is  a feparate 
womb,  and  may  therefore  have  a feparate  impregnation  like 
puppies  of  different  kinds  in  one  Utter.  I'he  fame  is  faid  to  have 
occurred  in  oranges  and  lemons,  and  grapes  of  different  colours. 

7 


Canto  IV.  VEGETATION. 

Firft  a new  bark  it’s  filken  tiffue  weaves. 

New  buds  emerging  widen  into  leaves  ; 

Fair  fruits  protrude,  enafcent  flowers  expand, 

And  blufh  and  tremble  round  the  living  wand.  520 

Xill.  I.  Sylphs  ! on  each  Oak-bud  wound 
the  wormy  galls. 

With  pigmy  fpears,  or  crufh  the  venom  d balls ; 
Fright  the  green  Locuft  from  his  foamy  bed. 
Unweave  the  Caterpillar’s  gluey  thread ; 

Chafe  the  fierce  Earwig,  fcare  the  bloated  Toad> 
Arrcfl  the  Snail  upon  his  flimy  road  ; 

Arm  with  fharp  thorns  the  Sweet-brier’s  tender 
wood. 

And  dafli  the  Cynips  from  her  damafk  bud  ; 

Steep  in  ambrofial  dews  the  Woodbine’s  bells. 
And  drive  the  Night-moth  from  her  honey’d  cells. 
So  where  the  Humming-bird  inChili’s  bowers  531 
On  murmuring  pinions  robs  the  pendent  flowers 
Seeks,  where  fine  pores  their  dulcet  balm  diftil. 
And  fucks  the  treafure  with  probofcis-bill ; 

'Their  dulcet  halm  dtJliL  I.  533.  See  additional  notes,  No. 
XXXIX. 
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Fair  Cyprepedia  with  fuccefsful  guile 
Knits  her  fmooth  brow,  extinguiflics  her  fmile ; 

Fair  Cyprepedia.  J.  535.  The  cyprepedium  from  South 
America  is  fuppofed  to  be  of  larger  fize  and  brighter  colours 
tlian  that  from  North  America  from  which  this  print  is  taken  ; 
it  has  a large  globular  netlary  about  the  fize  of  a pigeon's  egg  of 
a flefliy  colour,  and  an  incifion  or  depreffion  on  its  upper  part 
much  refembling  the  body  of  the  large  American  fpider  ; this 
globular  ne6lary  is  attached  to  divergent  flender  petals  not  un- 
like the  legs  of  the  fame  animal.  This  fpider  is  called  by  Lin- 
naeus Aranea  avicularia,  with  a convex  orbicular  thorax,  the 
center  tranfverfely  excavated  ; he  adds  that  it  catches  fmall  birds 
as  well  as  infe61s,  and  has  the  venemousbite  of  aferpent.  Syllem. 
Natur.  Tom.  I.  p.  1034.  M.  Lonvilliers  de  Poincy,  (Hiftoire 
Nat.  des  Antilles,  Cap.  xiv.  art.  III.  ) calls  it  Phalange,  and  dc- 
feribes  the  body  to  be  the  fize  of  a pigeon’s  egg,  with  a hollow 
on  its  back  like  a navel,  and  mentions  its  catching  the  hum- 
ming-bird in  its  ftrong  nets. 

The  fimilltude  of  this  flower  to  this  great  fpider  feems  to  be 
a vegetable  contrivance  to  prevent  the  humming-bird  from 
plundering  its  honey.  About  Matlock  in  Dcrbyfliire  the  fly- 
ophris  is  produced,  the  nedlary  of  which  fo  much  refcmbles  the 
fmall  wall-bee,  perhaps  the  apis  inchneumonea,  that  it  may  be 
eafily  miftaken  for  it  at  a fmall  diflance.  It  is  probable  that  by 
this  means  it  may  often  efcape  being  plundered.  See  note  on 
lonicera  in  the  next  poem,  and  on  epidendrum. 

A bird  of  our  own  country  called  a willow-wren  (Motacilla) 
runs  up  the  ftem  of  the  crown  imperial  (Fritiillaria  coronalis) 
and  fips  the  pendulous  drops  within  its  petals.  This  fpecies  of 
Motacilla  is  called  by  Ray,  Regulus  non  chriftatus.  White’s 
Hill,  of  Sclbornc. 
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A Spider’s  bloated  paunch  and  jointed  arms 
Hide  her  fine  form,  and  mafk  her  blulhing  charms; 
In  ambufh  fly  the  mimic  warrior  lies  539 

And  on  quick  wing  the  panting  plunderer  flies. 

2.  “ Shield  the  young  Harveft  from  devouring 
blight. 

The  Smut’s  dark  poifon  and  the  Mildew  w’hlte  ; 
Deep-rooted  Mould,  and  Ergot’s  horn  uncouth,  i 
And  break  the  Canker’s  defolating  tooth. 

Shield  the  yoioig  Harveji.  1.  541.  Linnaeus  enumerates  but 
four  clifeafes  of  plants;  Eryfyphe,  the  white  mu  cor  or  mould, 
with  feflile  tawny  heads,  with  which  the  leaves  are  fprinkled,  as 
is  frequent  on  the  hop,  humulus,  maple,  acer.  See.  Rubigo, 
the  ferrugineous  powder  fprinkled  under  the  leaves,  frequent  in 
lady’s  mantle,  alchemilla,  &c. 

Clavus,  when  the  feeds  grow  out  into  larger  horns  black  with- 
out, as  in  rve.  This  is  called  Ergot  by  the  French  writers. 

Uftulago,  when  the  fruit  inflead  of  feed  produces  a black 
powder,  as  in  barley,  oats,  &c.  To  which  perhaps  the  honey- 
dew  ought  to  have  been  added,  and  the  canker,  in  the  former 
of  which  the  nourlfliing  fluid  of  the  plant  feems  to  be  exfuded  by 
a retrograde  motion  of  the  cutaneous  lymphatics,  as  in  the  fweat- 
ing  ficknefs  of  the  laft  century.  The  latter  is  a phagedenic 
ulcer  of  the  bark,  very  deftru£tive  to  young  apple-trees,  and 
which  in  cherry-trees  is  attended  with  a depofition  of  gum- 
arabic,  which  often  terminates  in  the  death  of  the  tree. 

Ergot's  horn.  1.  543.  There  is  a difeafe  frequently  afFedts  the 
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Firft  in  one  point  the  feftcring  wound  confin’d 
Mines  unperceived  beneath  the  fhrivel’d  rind  ; 
Then  climbs  the  branches  with  increafing  llrength, 
Spreads  as  they  fpread,  and  lengthens  with  their 
length ; 

—Thus  the  flight  wound  engraved  oii  glafs  unneal’d 
Runs  in  white  lines  along  the  lucid  field ; 550 

rye  in  France,  and  fometimes  in  England  in  moift  feafons, 
which  is  called  Ergot,  or  horn-feed ; the  grain  becomes  confi- 
derably  elongated  and  is  either  (Iralght  or  crooked,  containing 
black  meal  along  with  the  white,  and  appears  to  be  pierced  by 
infecSls,  which  were  probably  thecaufe  of  thedifeafe.  Mr.  Du- 
hamel  afcribes  it  to  this  caufe  and  compares  it  to  galls  on  oak- 
leaves.  By  the  ufe  of  this  bad  grain  amongft  the  poor,  dlfeafca 
have  been  produced  attended  with  great  debility  and  mortitica- 
tion  of  the  extremities  both  in  France  and  England.  Pi£f. 
Raifon.  art,  Siegle.  Philofoph.  TranfatSl. 

On  glafs  mneard,  1.  549.  The  glafs  tnakers  cccafionally 
make  what  they  call  proofs  which  are  cooled  haAily,  whereas 
the  other  glals  veffels  are  removed  from  warmer  ovens  to  cooler 
ones,  and  fuffered  to  cool  by  flow  degrees,  which  is  called  an- 
nealing, or  nealing  them.  If  an  iinnealed  glafs  be  fcratclred  by 
fcven  a grain  of  fand  falling  into  it,  it  will  feem  to  conflder  of  it 
for  feme  time,  or  even  a day,  and  will  then  crack  i^to  a thou- 
sand pieces. 

The  fame  happens  to  a fmooth-fuifaced  lead-ore  in  Derby- 
^ire,  the  workmen  having  cleared  a large  face  of  it  fcratch  it 
with  picks,  and  in  a few  houis  many  tons  of  it  crack  to  pieces 
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Crack  follows  crack,  to  laws  elaftlc  juft, 
And  the  frail  fabric  fhivers  into  duft. 
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XIV.  I.  Sylphs!  if  with  morn  deftrucftive 
Eurus  fprlngs, 

O,  clafp  the  Harebel  with  your  velvet  wings ; 
Screen  with  thick  leaves  the  Jafmine  as  it  blows. 
And  ftiake  the  white  rime  from  the  ftiuddering 
Rofe ; 

Whilft  Amaryllis  turns  with  graceful  eafc 
Her  bluihing  beauties,  and  eludes  the  breeze. 
Sylphs  ! if  at  noon  the  Frltillary  droops,  559 
With  drops  nedareous  hang  her  nodding  cups ; 


and  fall,  with  a kind  of  explofion.  Whitehura’s  Theory  of  the 
Earth. 

Glafs  dropped  into  cold  water,  called  Prince  Rupert’s  drops, 
explode  when  a fmall  part  of  their  tails  are  broken  off,  more  fud- 
dcnly  indeed,  but  probably  from  the  lame  caufe.  Are  the  in- 
ternal particles  of  thefe  elaaic  bodies  ept  fo  far  from  each  other 
by  the  external  cru^  that  they  arc  nearly  in  a aate  ofrepulfion. 
into  v/hich  aate  they  are  thrown  by  their  vibrations  from  any 
violence  applied  ? Or,  like  elr.llic  balls  in  certain  proportions 
fufpended  in  conta£I  W'ith  each  other,  can  motion  once  begun 
be  increafed  by  their  elaaicity,  till  the  whole  explodes?  And 
can  this  power  be  applied  to  any  mechanical  purpofes  ? 

Q 4 
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Thin  clouds  of  goflamer  in  air  difplay, 

And  hide  the  vale  s chafte  Lily  from  the  ray; 
Whilft  Erythrina  o er  her  tender  flower 
Bends  atll  her  leaves,  and  braves  the  fultry  hour  ; — 
Shield,  when  cold  Hefper  fheds  his  dewy  light, 
Mimofa’s  foft  fenfations  from  the  night ; 

Fold  her  thin  foliage,  clofe  her  timid  flowers. 

And  with  ambrofial  flumbers  guard  her  bowers ; 
O’er  each  warm  wall  while  Cerea  flings  her  arms, 
A nd  waftcs  on  night’s  dull  eye  a blaze  of  charms.  570 


TVitb  amhrofial  Jlumbers.  1.  568.  Many  vegetables  during 
the  night  do  not  feem  to  refpire,  but  to  fleep  like  the  dormant 
animals  and  infers  in  winter.  This  appears  from  the  mimofa 
and  many  other  plants  clofing  the  upper  Tides  of  their  leaves  to- 
gether in  their  fleep,  and  thus  precluding  that  fide  of  them  from 
both  light  and  air.  And  from  many  flowers  clofing  up  the  po- 
liflied  or  interior  fide  of  their  petals,  which  we  have  alfo  endea- 
voured to  fliew  to  be  a refpiratory  organ. 

The  irritability  of  plants  is  abundantly  evinced  by  the  abforp- 
tion  and  pulmonary  circulation  of  their  juices,  their  fenfibillty  is 
{hewn  by  the  approaches  of  the  males  to  the  females,  and  of  the 
females  to  the  males  in  numerous  inflances,  and,  as  the  efTeniial 
circumftance  of  fleep  confifls  in  the  temporary  abolition  of  vo- 
luntary power  alone,  the  fleep  of  plants  evinces  that  they  poflefs 
voluntary  power  ; which  alfo  indifputably  appears  in  many  of 
them  by  clofing  their  petals  or  their  leaves  during  cold,  or  rain, 
or  darknefs,  or  from  mechanic  violence. 
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2,.  **  Round  her  tall  Elm  with  dewy  fingers 
twdne 

The  gadding  tendrils  of  the  adventurous  Vine; 
From  arm  to  arm  in  gay  feftoons  fufpend 
Her  fragrant  flowers,  her  graceful  foliage  bend  ; 
Swell  with  fweet  juice  her  vermil  orbs,  and  feed; 
Shrined  in  tranfparent  pulp  her  pearly  feed ; 

Hang  round  the  Orange  all  her  filver  bells, 

And  guard  her  fragrance  with  Hefperian  fpells  ; 
Bud  after  bud  her  polifh’d  leaves  unfold. 

And  load  her  branches  with  fucceflive  gold.  580 
So  the  learn’d  Alchymifl:  exulting  fees 
Rife  in  his  bright  matrafs  Diana’s  trees; 

Diana  s trees.  1.  582.  The  chemifts  and  allronomers  from, 
the  earlieft  antiquity  have  ufed  the  fame  chara6lers  to  reprcfcnt 
the  metals  and  the  planets,  which  were  moft  probably  outlines 
or  abflradlsof  the  original  hieroglyphic  figures  of  Egypt.  Thefe 
afterwards  acquired  niches  in  their  temples,  and  reprefented  Gods 
as  well  as  metals  and  planets  : whence  filver  is  called  Diana,  or 
the  moon,  in  the  books  of  alchymy. 

The  procefs  for  making  Diana’s  filver  tree  is  thus  defcribed 
by  Lemeri.  DiflbU'e  one  ounce  of  pure  filver  in  acid  of  nitre 
very  pure  and  moderately  flrong;  mi.x  this  folution  with  about 
twenty  ounces  of  diftilled  water ; add  to  this  two  ounces  of  mer- 
cury, and  let  it  remain  at  reft.  In  about  fjur  days  there  will 
form  upon  the  mercury  a tree  of  filver  with  tranches  imitating 
vegetation. 
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Drop  after  drop,  with  juft  delay  he  pours 
The  red-fumed  acid  on  Potofi’s  ores; 

With  fudden  flafh  the  fierce  bullitions  rife. 

And  wide  in  air  the  gas  phlogiftic  flies  ; 

Slow  (hoot,  at  length,  in  many  a brilliant  mafs 
Metallic  ro  jls  acrofs  the  netted  glafs  ; 

Branch  after  branch  extend  their  filver  ftems. 

Bud  into  gold,  and  bloflbm  into  gems.  590 


So  fits  enthron’d  in  vegetable  pride 
Imperial  Kew  by  Thames’s  glittering  fide ; 
Obedient  fails  from  realms  unfurrow’d  bring 
For  her  the  unnam’d  progeny  of  fpring; 


I.  As  the  mercury  has  a greater  affinity  than  filver  with  the 
nitrous  acid,  the  filver  becomes  precipitated ; and,  being  de- 
prived of  the  nitrous  oxygene  by  the  mercury,  fmks  down  in 
its  metallic  form  and  luftrc.  2.  The  attra<flion  between  filver 
and  mercury,  which  caufes  them  readily  to  amalgamate  together 
occafions  the  precipitated  filver  to  adhere  to  the  furface  of  the 
mercury  in  preference  to  any  other  part  of  the  veffcl.  3 -The 
attraction  of  the  particles  of  the  precipitated  filver  to  each  other 
caufes  the  beginning  branches  to  thicken  and  elongate  into 
trees  and  Ihrubs  rooted  on  the  mercury.  For  other  circum- 
ftances  concerning  this  beautiful  experiment  fee  Mr.  Keir’s 
‘Chemical  Dictionary,  art.  Arbor  Dianas;  a work  yeihaps  of 
greater  utility  to  mankind  than  the  loft  Alexandrian  Library ; 
the  continuation  of  which  is  fo  eagerly  expeCted  by  all,  who 
are  cccapied  in  the  arts,  or  attached  to  the  fciences. 
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Attendant  Nymphs  her  dulcet  mandates  hear. 
And  nurfe  in  foflerlng  arms  the  tender  year. 

Plant  the  young  bulb,  inhume  the  living  feed. 
Prop  the  weak  flem,  the  erring  tendril  lead ; 

Or  fan  in  glafs-built  fanes  the  ftranger  flowers  599 
With  milder  gales,  and  deep  with  warmer  lliowers. 
Delighted  Thames  through  tropic  umbrage  glides. 
And  flowers  antarctic,  bending  o’er  his  tides  ; 
Drinks  the  new  tints,  the  fvveets  unknown  inhales, 
And  calls  the  fons  of  fcience  to  his  vales. 

In  one  bright  point  admiring  Nature  eyes 
The  fruits  and  foliage  of  difcordant  fkies. 

Twines  the  gay  floret  with  the  fragrant  bough. 
And  bends  the  wreath  round  George’s  royal 
brow. 

— Sometimes  retiring,  from  the  public  weal 
One  tranquil  hour  the  Royal  Part]!^ eks  deal; 610 
Through  glades  exotic  pafs  with  dep  fublime. 

Or  mark  the  growths  of  Britain’s  happier  dime ; 
With  1 eauty  blofl'om’d,  rnd  with  virtue  blaz’d, 
Mark  the  fair  Scions,  that  themfelves  have  rais’d; 
Sweet  blooms  the  Rofe,  the  towering  Oak  expands. 
The  Grace  and  Guard  of  Britain’s  golden  lands. 
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XV.  “ Sylphs  ! who  round  earth  on  purple 
pinions  borne, 

Attend  the  radiant  chariot  of  the  morn ; 

Lead  the  gay  hours  along  the  ethereal  hight, 

And  on  each  dun  meridian  fliower  the  light;  620 
Sylphs  ! who  from  realms  of  equatorial  day 
To  climes,  that  fhudder  in  the  polar  ray, 

From  zone  to  zone  purfue  on  fhlfting  wing, 

The  bright  perennial  journey  of  the  fprlng  ; 

Bring  my  rich  Balms  from  Mecca’s  hallow’d  glades. 
Sweet  flowers,  that  glitter  in  Arabia’s  fliades ; 
Fruits,  whofe  fair  forms  in  bright  fucceflion  glow 
Gilding  the  banks  of  Arno,  or  of  Po  ; 

Each  leaf,  whofe  fragrant  fleam  with  ruby  lip 
Gay  China’s  nymphs  from  pictur’d  vafes  fip  ; 630 
Each  fpicy  rind,  which  fultry  India  boafls. 
Scenting  the  night-air  round  her  breezy  coafls ; 
Boots,  whofe  bold  ftems  in  bleak  Siberia  blow. 
And  gem  with  many  a tint  the  eternal  fnow  ; 
Barks,  whofe  broad  umbrage  high  in  ether  waves 
O’er  Andes’  lleeps,  and  hides  his  golden  caves  ; 

— And,  where  yon  oak  extends  his  dulky  flioots- 
Wide  o’er  the  rill,  that  bubbles  from  his  roots ; 
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Beneath  whofe  arms,  protected  from  the  ilorm, 

A turf-built  altar  rears  its  ruftic  form  ; 640 

Sylphs  ! with  religious  hands  frefli  garlands  twine. 
And  deck  with  lavifli  pomp  Hygeia’s  fhrine. 

“ Call  with  loud  voice  the  Siflerhood,  that 
dwell 

On  floating  cloud,  wide  wave,  o bubbling  well ; 
Stamp  with  charm’d  foot,  convoke  the  alarmed 
Gnomes 

From  golden  beds,  and  adamantine  domes; 

Each  from  her  fphere  with  beckoning  arm  invite. 
Curl’d  with  red  flame  the  Veflal  Forms  of  light. 
Clofe  all  your  fpotted  wings,  in  lucid  ranks  649 
Prefs  with  your  bending  knees  the  crowded  banks, 
Crofsyour  meek  arms.  Incline  your  wreathed  brows, 
And  win  the  Goddefs  with  unwearied  vows. 

^*Oh,  wave,  Htgeia  ! o’er  Britannia’s  throne 
Thy  ferpent-wand,  and  mark  it  for  thy  own  ; 

Lead  round  her  breezy  coafls  thy  guardian  trains, 
Her  nodding  forefts,  and  her  waving  plains  ; 

Shed  o’er  her  peopled  realms  thy  beamy  fmile. 
And  with  thy  airy  temple  crown  her  iflel” 
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The  Goddess  ccafed, — and  calling  from  afar 
The  wandering  Zephyrs,  joins  them  to  her  car; 
Mounts  with  light  bound,  and  graceful,  as  file 
bends,  66 1 

Whirls  the  long  lafh,  the  flexile  rein  extends ; 

On  whifpering  wheels  the  filver  axle  Aides, 
Climbs  into  air,  and  cleaves  the  cryflal  tides ; 
Burfl;  from  it’s  pearly  chains,  her  amber  hair 
Streams  o’er  her  ivory  flioulders,  buoy’d  in  air; 
Swells  her  white  veil,  with  ruby  clafp  confined 
Bound  her  fiiir  brow,  and  undulates  behind ; 

The  leflTenlng  courfers  rife  in  fpiral  rings. 

Pierce  the  flow-failing  clouds,  and  ftretch  their 
' fliadowy  wings.  670 
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thunder  florms 383 

Animal  heat  from  air  in  refpiration.  Perpetual  neceflity 
of  refpiration.  Spirit  of  animation  perpetually  re- 
new’cd 


401 
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line 

Cupid  rlfes  from  the  egg  of  night.  Mrs.  Cofway’s 

painting  of  this  fubjed 413 

Weftern-winds.  Their  origin.  Warmer  than  fouth- 

winds.  Produce  a thaw. . . * 430 

Water  expands  in  freezing.  Deftroys  fucculent  plants^ 
not  refinous  ones.  Trees  in  valleys  more  liable  to 
injury.  Fig-trees  bent  to  the  ground  in  winter. . . . 439 
Buds  and  bulbs  are  the  winter  cradle  of  the  plant.  De- 
fended from  froft  and  from  infeils.  Tulip  produces 
one  flower-bulb  and  feveral  leaf-bulbs,  and  perilhes. . 460 
Matter  of  heat  if  different  from  light.  Vegetables 
blanched  by  exclufion  of  light.  Turn  the  upper  furface 
of  their  leaves  to  the  light.  Water  decompofed  as  it 
efcapes  from  their  pores.  Hence  vegetables  purify  air 

in  the  day  time  only 462 

Eledricity  forwards  the  growth  of  plants.  Silk-worms 
eleiflrifed  fpin  fooner.  Water  decompofed  in  vegeta- 
bles, and  by  eledricity 463 

Sympathetic  inks  which  appear  by  heat,  and  difappear  In 

the  cold.  Made  from  cobalt 487 

Star  in  Cafliope’s  chair 515 

Ice  iflands  100  fathoms  deep.  Sea  ice  more  difficult  of 
foluiion.  Ice  evaporates,  producing  great  cold.  Ice-  • 
iflands  increafe.  Should  be  navigated  into  fouthern 
climates.  Some  ice-iflands  have  floated  foulhwards 
60  miles  long.  Steam  attending  them  in  warm 

climates 529 

Monfoon  cools  the  fands  of  Abyflinia 547 

Afcending  vapours  are  cledlrifed  plus,  as  appears  from  an 
experimentofMr.  Bennet.  Ele6lricityfupports  vapour 
in  clouds.  Thunder  fhowers  from  combination  of  in- 
flammable and  vital  airs 553 
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CANTO  II. 

line 

Solar  volcanoes  analogous  to  terreftriai  and  lunar  ones. 

Spots  of  the  fun  are  excavations 14 

Spherical  form  of  the  earth.  Ocean  from  condenfed 

vapour.  Character  of  Mr.  Whitehurft 17 

Granite  the  oldeft  part  of  the  earth. — ^Then  lime-ftone. 

And  latlly,  clay,  iron,  coal,  fandftone.  Three  great 

concentric  divifions  of  the  globe 35 

Formation  of  primeval  iflands  before  the  produ6tion 
of  the  moon.  Paradife.  The  golden  Age.  Kain-bow. 

Water  of  the  fea  originally  frelh 36 

Venus  rifing  from  the  fea,  an  hieroglyphic  emblem  of 

the  produdion  of  the  earth  beneath  the  ocean 47 

Firfl:  great  volcanoes  in  the  central  parts  of  the  earth. 
From  fleam,  inflammable  gas,  and  vital  air,  Prefent 

volcanoes  like  mole-hills Cft 

Moon  has  little  or  no  atmofphere.  Its  ocean  is  frozen. 

Is  not  yet  inhabited,  but  may  be  in  time.  . . ; 82 

Earth’s  axis  changed  by  the  afeent  of  the  moon.  Its 

diurnal  motion  retarded.  One  great  tide 84 

Lime-ftone  produced  from  fliells.  Spars  vvitli  double 

refra<Slions.  Marble.  Chalk 93 

Anticnt  ftatues  of  Hercules.  Antinous.  Apollo.  Venus. 
Defignsofl^oubiliac.  Monumentof  General  Wade. . loi 

Statues  of  Mrs.  Darner 113 

MoraflTes  reft  on  llme-flone.  Of  immenfe  extent ll6 

Salts  from  animal  and  vegetable  bodies  decompofe  each 


other,  except  marine  fait.  Salt  mines  in  Poland.  Tim- 
ber docs  not  decay  in  them.  Rock-falt  produced  by 
evaporation  from  lea  water.  Foflil  fliells  in  fait  mines. 

Salt  in  hollow  pyramids.  In  cubes.  Sea  water  con- 
tains about  one-lhlrticth  of  fait * 119 
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line 


Nitre,  native  in  Bengal  and  Italy.  Nitrous  gas  combined 
with  vital  air  produces  red  clouds,  and  the  two  airs 
occupy  lefs  fpace  than  one  of  them  before,  and  give 
out  heat.  Oxygene  and  azote  produce.nitrous  acid. . . 143 
Iron  from  dccompofed  vegetables.  Chalybeat  fprings. 
Fern-leaves  in  nodules  of  iron.  Concentric  fpheres  of 


iron  nodules  owing  to  polarity,  like  iron-filings  ar- 
ranged by  a magnet.  Great  ftrata  of  the  earth  owing 

to  their  polarity 183 

Hardnefs  of  fleel  for  tools.  Gave  fuperiority  to  the  Eu- 
ropean nations.  Welding  of  fteel.  Its  magnctifm. 

Ufes  of  gold 192 


Artificial  magnets  improved  by  Savery  and  Dr.  Knight, 
pcrfedted  by  Mr.  Michel.  How  produced.  Polarity 
owing  to  the  earth’s  rotatory  motion.  The  ele61ric 
fluid,  and  the  matter  of  heat,  and  magnetifm  gravi- 
tate on  each  other.  Magnetifm  being  the  lighted  is 
found  neared  the  axis  of  the  motion.  Eleclricity  pro- 
duces northern  lights  by  its  centrifugal  motion. ...  I93 
Acids  from  vegetable  recrements.  Flint  has  its  acid 
from  the  new  world.  Its  bafe  in  part  from  the  old 
world,  and  in  part  from  the  new.  Precious  dones. . 215 
Diamond.  Its  great  refradion  of  light.  Its  volatility 


by  heat.  -If  an  inflammable  body 228 

Fires  of  the  new  world  from  fermentation.  Whence 
fulphur  and  bitumen  by  fublimation,  the  clay,  coal, 

and  flint  remaining 275 

Colours  not  dldinguifhable  in  the  enamel-kiln,  till  a 

bit  of  dry  wood  is  introduced 283 

Etrurian  pottery  prior  to  the  foundation  of  Rome.  Ex- 


celled in  fine  forms,  and  In  a non-vitreous  encauftic 
painting,  which  was  lod  till  redored  by  Mr.  Wedg- 
wood. Still  influences  the  tade  of  the  inhabitants. . . 29I 
Mr.  Wedgwood’s  cameo  of  a flave  in  chains,  and  of 
Hope 
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Itiii 

Baffo-reHevos  of  two  or  more  colours  not  made  by  the 

antients.  Invented  by  My.  Wedgwood, 342 

Petroleum  and  naphtha  have  been  fublimed.  Whence 
jet  and  amber.  They  abforb  air.  Attradl  draws  when 
rubbed.  Eledtricity  from  electron,  the  Greek  name 

for  amber. 353 

Clefts  in  granite  rocks  in  which  metals  are  found.  Iron 
and  manganefe  found  in  all  vegetables.  Manganefe  in 
lime-done.  Warm  fprings  from  deam  rifmgup  the 
clefts  of  granite  and  lime-done.  Ponderous  earth  in 
lime-done  clefts  and  in  granite.  Copper,  lead,  iron, 
from  defcending  materials.  High  mountains  of  gra- 
nite contain  no  ores  near  their  fummits.  Tranfmutation 


of  metals.  Of  lead  into  calamy.  Into  filver 398 

Armies  of  Cambyfes  dedroyed  by  famine,  and  by  fand- 

dorms. 435 

Whirling  turrets  of  fand  defcribed  and  explained 473 


Granite  Ihews  iron  as  it  decompofes.  Marble  decom- 
pofes.  Immcnfe  quantity  of  charcoal  exids  in  lime- 
done.  Volcanic  dags  decompofe,  and  become  clay. . 523 


Milldones  raifed  by  wooden  pegs 524 

Hannibal  made  a padage  by  fire  over  the  Alps 534 

Paffed  tenfe  of  many  words  twofold,  as  driven  or  drove, 
fpoken  or  fpoke.  A poetic  licence 60Q 


CANTO  HI. 

Clouds  confid  of  aqueous  fpheres,  which 'do  not  eafily 
unite,  like  globules  of  quickfilver,  as  may  be  feen  in 
riding  through  water.  Owing  to  eledlricity.  Snow. 
Hailrtones  rounded  by  attrition  and  didTolution  of  their 
angles.  Not  from  frozen  drops  of  water., 15 
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Dew  on  points  and  edges  of  grafs,  or  hangs  over  cabbage- 

leaves.  Needle  floats  on  water 18 

Mifts  over  rivers  and  on  mountains.  Halo  round  the 
moon.  Shadow  of  a church  fteeple  upon  a mift.  Dry 
mift,'or  want  of  tranfparency  of  the  air,  a flgn  of  fair 

weather 20 

Tides  on  both  fides  of  the  earth.  Moon’s  tides  fliould 
be  mueh  greater  than  the  earth’s  tides.  The  ocean  of 
the  moon  is  frozen 6l 


Spiral  form  of  fhells  faves  calcareous  matter.  Serves 
them  as  an  organ  of  hearing.  Calcareous  matter  pro- 
duced from  inflamed  membranes.  Colours  of  thells, 
labradore-ftone  from  mother-pearl.  Foflil  Ihells  not 


now  found  recent 66 

Sea-infe6t,-5  like  flowers.  Adtinia 81 

Produdlion  of  pearls,  not  a dlfeafeof  the  fiih.  Crab’s- 

eyes.  Refervoirs  of  pearly  matter 84 

Rocks  of  coral  in  the  fouth-lea.  Coralloid  lime-flone  at 

Llnfel,  and  Coalbrook  Dale <jo 

Rocks  thrown  from  mountains,  ice  from  glaciers,  and 


portions  of  earth,  or  morafles,  removed  by  columns  of 
water.  Earth-motion  in  Shropthire.  Water  of  wells 
rifing  above  the  level  of  the  ground.  St.  Alkmond’s 
well  near  D^rby  might  be  raifed  many  yards,  fo  as  to 
ferve  the  town.  Well  at  Sheernefs  and  at  Hartford 


in  Connecticut 116 

'Monfoons  attended  with  rain.  Overflowing  of  the  Nile. 
Vortex  of  afeending  air.  Riling  of  the  Dog-ftaran- 
-nounces  the  floods  of  the  Nile.  Anubis  hung;  out 

upon  their  temples 129 

Situations  exempt  from  rain.  At  the  Line  in  Lower 

Egypt.  On  the  coaft  pf  Peru 138 

Giefar,  aboiling  fountain  in  Iceland.  Water  with  great 
degrees  of  h*eat  diflbl ves  filiceous  matter.  Earthquake 

from  fleam, 150 
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fmt 

Warm  fprings  not  from  decompofed  pyrites.  From 

Iteam  rifing  up  fifTiires  from  great  depths 166 

Buxton  bath  polTefles  82  degrees  of  heat.  Is  impro- 
perly called  a warm  bath.  A chill  atimmerfion,  and 
then  a fenfation  of  warmth,  like  the  eye  in  an  obfeure 


room,  owing  to  increafed  fenfibllity  of  the  fkin. ...  184 
Water  compounded  of  pure  air  and  inflammable  air, 
with  as  much  matter  of  heat  as  preferves  it  fluid. 
Perpetually  decompofed  by  vegetables  in  the  fun’s 

light,  and  recompofed  in  the  atmofphere 204 

Mythological  interpretation  of  Jupiter  and  Juno  de- 
figned  as  an  emblem  of  the  compofition  of  water 

from  two  airs 260 

Death  of  Mrs.  French 308 

Tomb  of  Mr.  Brindlev . 341 

Invention  of  the  pump.  The  piflon  lifts  the  atmofphere 
above  it.  The  furrounding  atmofphere  prefles  up  the 
water  into  the  vacuum.  Manner  in  which  a child 
fucks ■ 366 


Air-cell  in  engines  for  extinguifhing  fire.  Water  dif-  • 
perfed  by  the  explofion  of  gunpowder.  Houfes  pre- 
ferved  from  fire  by  earth  on  the  floors,  by  a fecond 
ceiling  of  iron  plates  or  coarfe  mortar.  Wood  im- 


pregnated with  alabafler  or  flint .* 406 

Mufcular  ailions  and  fenfations  of  plants 460 

River  Achelous.  Horn  of  Plenty 4y.^ 


Flooding  lands  defends  them  from  vernal  froits.  Some 
fprings  depofit  calcareous  earth.  Some  contain  azotic 
gas,  which  contributes  to  produce  nitre.  Snow  water 
lefs  ferviceable 510 
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CANTO  IV. 

I!ti« 

Cacalla  produces  much  honey,  that  a part  may  be  taken 

by  infers  without  injury ^ 

Analyhs  of  common  air.  Source  of  azote.  Of  oxygene. 
Water  decompofed  by  vegetable  pores  and  the  fun  s 
light.  Blood  gives  out  phlogifton  and  receives  vital 
air.  Acquires  heat  and  the  vivifying  principle. ...  34 

Cupid  and  Pfyche 

Simoom,  a peftilential  wind.  Defcribed.  Owing  to 

volcanic  electricity.  Not  a whirlwind 65 

Contagion  either  animal  or  vegetable 82 

Thyrfis  efcapes  the  plague 91 

Barometer  and  air-pumps.  Dew  on  exhaufting  the  re- 
ceiver, though  the  hygrometer  points  to  drynefs.  Rare 
air  will  diffolve  or  acquire  more  heat,  and  more  moi- 

fture,  and  more  eleiflricity 12S 

Sound  propagated  belt  by  denfe  bodies,  as  wood,  and 

water,  and  earth.  Fifh  in  fpiral  (hells  all  ear 176 

Difcoveries  of  Dr.  Prleftley.  Green  vegetable  matter. 

Pure  air  contained  in  the  calces  of  metals,  as  minium, 

manganefe,  calamy,  ochre 178 

Fable  of  Proferpine,  an  antient  chemical  emblem 1 90 

Diving  balloons  fupplied  with  pure  air  from  minium. 

Account  of  one  by  Mr.  Boyle 207 

Mr.  Day.  Mr.  Spalding 229 

Captain  Pierce  and  his  daughters 231 

Peftilential  winds  of  volcanic  origin.  Jordan  flows 

through  a couAtry  of  volcanoes 306 
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line 

Change  of  wind  owing  to  fmall  caufes.  If  the  wind 
could  be  governed,  the  produdts  of  ‘the  earth  would 


be  doubled,  and  its  number  of  inhal;itant‘  increafed,  320 

Mr.  Kirwan’s  treatife  on  temperature  of  climates 354 

Seeds  of  plants.  Spawn  of  fifli.  Nutriment  lodged 
in  feeds.  Their  prefervation  in  their  feed  veflcls. . . 367 

Fixed  ftars  approach  each  other 381 

Fable  of  the  Phoenix 389 

Plants  vifible  within  bulbs,  and  buds,  and  feeds 395 

Great  Egg  of  Night. 413 

Seeds  (hoot  into  the  ground.  Pith.  Seed-lobes.  Starch 
converted  into  fugar.  Like  animal  chyle • . . . 423 


Light  occafions  the  a6lious  of  vegetable  mufcles.  Keeps 

them  awake '. 

Vegetable  love  in  Parnaffia,  Nigella.  Vegetable  adul- 


tery in  Colllnfonia 4J2 

Strong  vegetable  thoots  and  roots  bound  with  wire,  in 
part  debarked,  whence  leaf-buds  converted  into 

flower-huds.  Theory  of  this  curious  fa£t 479 

Branches  bent  to  the  horizon  bear  more  fruit 482 


Engrafting  of  a fpotted  patiion-flowcr  produced  fpots 
upon  the  (lock.  Apple  foft  on  one  tide  and  hard  on 

the  other • v • 

Cyprepedium  affumes  the  form  of  a large  fpider  to 
affright  the  humming-bird.  Fly  ophrls.  Willow- 

wren  fucks  the  honey  of  the  crown-imperial 535 

Difeafes  of  plants  four  kinds.  Honey-dew 541 

Ero'Ot  adifeafe  of  rye. 543 

Glafs  unannealed.  Its  cracks  owing  to  elallicity.  One 
kind  of  lead-  ore  cracks  into  pieces.  Prince  Rupert’s 

drops.  Elallic  balls 549 

Sleep  of  plants.  Their  irritability,  fcnfibiliiy,  and,  volun- 
tary motions- 56S 


ADDITIONAL  NOTES. 


note  I. METEORS. 

Ethereal  Poivers!  you  chafe  thejhooiing  JlarSj 
Or  yoke  the  vollied  lightnings  to  your  cars. 

Canto  I.  1. 1 15. 


TPhere  feem  to  be  three  concentric  (1  rata  of  our  incumbent 
atmofphere:  in  which,  or  between  them,  are  produced  four 
Jiinds  of  meteors;  lightning,  Ihooting  ftars,  fire-balls,  and 
northern  lights.  Firft,  the  lower  region  of  air,  or  that  which 
is  denfe  enough  to  refill  by  the  adhefion  of  its  particles  the 
defcent  of  condenfed  vapour,  or  clouds,  which  may  extend 
from  one  to  three  or  four  miles  high.  In  this  region  the 
common  lightning  is  produced  from  the  accumulation  or 
defed  of  eledlric  matter  in  thofe  floating  fields  of  vapour, 
either  in  refpeft  to  each  other,  or  in  refped  to  the  earth 
beneath  them,  or  the  dilTolved  vapour  above  them,  which 
is  conftantly  varying  both  with  the  change  of  the  form  of 
the  clouds,  which  thus  evolve  a greater  or  lefs  furface,  and 
alfo  with  their  ever-changing  degree  of  condenfation.  As 
the  lightning  is  thus  produced  in  denfe  air,  it  proceeds  but 
a Ihort  courfe,  on  account  of  the  greater  refiftance  which  it 
encounters,  is  attended  with  a loud  explofion,  and  appears 
with  a red  light. 
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2,  The  fecond  region  of  the  atmofphere  I fuppofe  to  be 
that  which  has  too  little  tenacity  to  fupport  condenfed  vapour 
or  clouds;  but  which  yet  contains  invifible  vapour,  or  water 
in  aerial  folution.  This  aerial  folution  of  water  differs  from 
that  diflblved  in  the  matter  of  heat,  as  it  is  fupported  by  its 
adhelion  to  the  particles  of  air,  and  is  not  precipitated  by 
cold.  In  this  ftratum  it  feems  probable  that  the  meteors 
called  (hooting  ftqrs  are  produced ; and  that  they  confifl;  of 
electric  fparks,  or  lightning,  paffing  from  one  region  to  ano- 
ther of  thefe  invifible  fields  of  acro-aqueous  folution.  7'he 
height  of  thefe  fhootlng  ftars  has  not  yet  been  afeertained  bv 
fufticient  obfervation ; Dr.  Blagden  thinks  their  fituation  is 
lower  down  in  the  atmofphere  than  that  of  fire-tuills,  which 
he  conjedtures  from  their  fvvift  apparent  motion,  and  aferibes 
their  fmallncfs  to  the  more  minute  divifion  of  the  cle61ric 
matter  of  which  they  are  fuppofed  to  confift,  owing  to  the 
greater  refiflance  of  the  denfer  medium  through  which  they 
pafs,  than  that  in  which  the  fire-balls  exift.  Mr.  Brydone 
obferved  that  the  ihooting  ftars  appeared  to  him  to  be  as  high 
in  the  atmofphere,  when  he  was  near  the  iuinmit  of  mount 
Etna,  as  they  do  when  obferved  from  the  plain.  Phil.  Tran. 
Vol.  LXIII. 

As  the  ftratum  of  air,  in  which  fliooting  ftars  arc  fuppofed 
to  exift,  is  much  rarer  than  that  in  which  lightning  refides, 
and  yet  much  denfer  than  that  in  which  fire-balls  are  pro- 
duced, they  will  be  atlra£led  at  a greater  diftance  than  the 
former,  and  at  a Icfs  than  the  latter.  From  this  rarity  of  the 
air  fo  fmall  a found  will  be  produced  by  their  explofion,  as 
not  to  reach  the  lower  parts  of  the  atmofphere  ; their  quan- 
tity of  light,  from  their  greater  diftance  being  fmall,  is  never 
feen  through  denfe  air  at  all,  and  thence  docs  not  appear 
red,  like  lightning  or  fire-balls.  There  are  no  apparent 
clouds  to  emit  or  to  atlra£f  them,  bccaufe  the  conftltuent 
parts  of  thefe  aero-aqueous  regions  may  poffefs  an  abundance 


Note  I. 


METEORS. 


251 


or  deficiency  of  eleftric  matter  and  yet  be  in  perfect  recipro- 
cal folution.  And  laftly  their  apparent  train  of  light  is  pro- 
bably owing  only  to  a continuance  of  their  impreffion  on 
the  eye ; as  when  a fire-ftick  is  whirled  in  the  dark  it  gives 
the  appearance  of  a complete  circle  of  fire:  for  thefe  white 
trains  of  fliooting  ftars  quickly  vanilh,  and  do  not  feem  to  fet 
any  thing  on  fire  in  their  paffage,  as  feems  to  happen  in  the 
tranfit  of  fire-balls. 

3.  The  fecond  region  or  ftratum  of  air  terminates  I fup- 
pofe  where  the  twilight  ceafes  to  be  refradied,  that  is,  where 
the  air  is  3000  times  rarer  than  at  the  furface  of  the  earth; 
and  where  it  feems  probable  that  the  common  air  ends,  and 
is  furrounded  by  an  atmofphere  of  inflammable  gas  tenfold 
rarer  than  itfelf.  In  this  region  I believe  fire-balls  fometimes 
to  pafs,  and  at  other  times  the  northern  lights  to  exifl:.  One 
of  thefe  fire-balls,  or  draco  volans,  was  obferved  by  Dr.  Pringle 
and  many  others  on  Nov.  26,  1 758,  which  was  afterwards 
eflimated  to  have  been  a mile  and  a half  in  circumference, 
to  have  been  about  one  hundred  miles,  high,  and  to  have 
moved  towards  the  north  wnth  a velocity  of  near  thirty  miles 
in  a fecond  of  time.  This  meteor  had  a real  tail  many  miles 
long,  w'hich  threw  off  fparks  in  its  courfe,  and  the  whole  ex- 
ploded with  a found  like  dillant  thunder.  Philof.  Tranf. 
Vol.LI. 

Dr.  Blagden  has  related  the  hfftory  of  another  large  me- 
teor, or  fire-ball,  which  was  feen  the  18th  ofAugufl-,  1783, 
w'ith  many  ingenious  obfervations  and  conje-fures.  This 

was  eflimated  t > be  between  6o  and  70  miles  high,  and  to 

* 

travel  1000  miles  at  the  rate  of  about  twenty  miles  in  a 
fecond.  This  fire-ball  had  likewife  a real  train  of  light  left 
behind  it  in  it?  paflTage,  which  varied  in  colour;  and  in  fome 
part  of  its  courfe  gave  off  fparks  or  explofions  where  it  had 
been  brighteft;  and  a dulky  red  flreak  remained  vifible  per- 
haps a minute,  Pl\ilof. Tranf.  Vol.  LXXIV. 
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Thcfe  fire-balls  differ  from  lightning  and  from  fiiooting 
f.ars  in  many  remarkable  circumiiances ; as  their  very  great 
bulk,  being  a mile  and  a half  in  diameter;  their  travelling 
1000  miles  nearly  horizontally  ; their  throwing  off  fjwks 
in  their  paffage;  and  changing  colours  from  bright  blue  to 
dufky  red;  and  leaving  a train  of  fire  behind  them,  continu- 
ii>g  about  a minute.  'I'hey  difier  from  the  northern  lights 
in  not  being  diffufed,  but  pafilng  from  one  point  of  the  hea- 
vens to  another  in  a defined  line;  and  this  iti  a region  above 
the  crepufcular  atmofphcre,  where  the  air  is  3000  limes 
rarer  than  at  the  furlace  ot  tlie  earth.  Tlierc  has  not  yet 
been  even  a conjecture  which  can  account  for  thefc  appear- 
ances !-:-One  I fliall  therefore  hazard;  which,  if  it  does  not 
inform,  may  amufe  the  reader. 

In  the  note  on  1.  123,  it  was  ffewn  that  there  is  probably 
a fupernalant  ftratum  of  inflammable  gas,  or  hvdrocrene, 
over  the  common  atmofphere;  and  whoredenfity  at  the  fur- 
face,  where  they  meet,  mud  he  at  lead  ten  times  lew  than 
that  upon  which  it  fwims ; like  chemical  ether  floating 
upon  water,  and  perhaps  without  any  real  contaff.  1.  In 
this  region,  where  the  aerial  atmofphcre  terminates  and  the 
inflammable" one  begins,  the  quantity  of  tenacity  or  reflfi- 
auce  mud  be  almofl:  inconceivable;  in  which  a ball  of  elec- 
tricity might  pafs  1000  miles  with  greater  cafe  than  through 
a thoufandth  part  of  an  inch  of  glafs.  2.  Such  a ball  of 
eledlricity  palling  between  inflammable  and  common  air 
would  let  fire  to  them  in  a line  as  it  palled  along ; which 
would  difier  in  colour  according  to  the  greater  proportionate 
commixture  of  the  two  airs;  and  from  the  fame  caufc  there 
might  occur  grejiter  degrees  of  inflammation,  or  branches  of 
fire,  in  fome  parts  of  its  courfe. 

As  thcfe  fire-balls  tra\cl  in  a defined  line,  it  is  pretty  evi- 
dent, from  the  known  laws  of  elcdtriciiy,  that  they  nuifi  be 
aitradcd;  and,  as  they  arc  a mile  or  more  in  diameter,  they 
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inuft  be  emitted  from  a large  furface  of  eleiRric  matter;  be- 
caufe  large  knobs  give  larger  fparks,  lefs  diffufed,  and  more 
brightly  luminous,  than  lefs  ones  or  pdints,  and  refift  more 
forcibly  the  emiffioti  of  the  ele61ric  matter.  What  is  there 
in  nature  ‘can  attract  them  at  fo  great  a diftance  as  1000 
miles,  and  fo  forcibly  as  to  detach  an  electric  fpark  of  a mile 
diameter?  Can  volcanos  at  the  time  of  their  eruptions  have 
this  effeff,  as  they  are  generally  attended  with  lightning? 
Future  obfervations  mu't  difeover  thefe  fecrct  operations  of 
nature!  As  a ftreahi  of  common  air  is  carried  along  with 
the  paflage  of  eledtric  aura  from  one  body  to  another, 
it  is  eafy  to  conceive,  that, the  common  air  and  the  inflam- 
mable air,  between  which  the  fire-ball  is  fuppofed  to  pafs, 
w'ill  be  partially  intermiked  by  being  thus  agitated,  and  fo 
fur  as  it  becomes  intermixed  it  will  take  fire,  and  produce 
the  linear  flame  and  branching  fparks  above  deferibed.  In 
this  circuinftance  of  their  being  attradlcd,  and  thence  pafTing 
in  a defined  line,  the  fire-balls  feeln  to  differ  from  the.coruf* 
cations  of  the  aurora  borealis,  or  northern  lights,  which  pro- 
bably take  place  in  the  fame  region  of  the  atmofphere; 
where  the  common  air  exifls  in  extreme  tenuity,  and  is 
covered  by  a flill  rarer  fphcrc  of  Inflammable  gas,  ten  times 
lighter  than  itfelf. 

As  the  ek'dtric  flreams,  which  conflitutc  thefe  northefn 
lights,  fecni  to  be  repelled  or  radiated  from  an  accumulation 
of  that  fluid  in  the  north,  and  not  attracted  like  the  fire- 
balls, this  accounts  for  the  diffufion  of  their  light,  as  well 
as  the  fdence  of  their  paflage;  while  their  variety  of  colours, 
and  the  permanency  of  them,  and  even  the  breadth  of  them 
in  dlft'erent  places,  may  depend  on  their  fetting  on  fire  thy 
mixture  of  inflammable  and  common  air  through  whidi 
they  pals;  as  feems  to  happen  in  the  tranflt  of  the  fire- 
balls. 

It  was  .obferved  by  Dr.  Prieftley  that  the  eledric  fhock 
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taken  through  inflammable  air  was  red,  in  common  air  ills 
blneifh;  to  thefe  circuniHances  perhaps  fome  of  the  colours 
of  the  northern  lights  may  bear  analogy;  though  the  den- 
fity  of  the  medium  through  which  light  is  feen  muif  prin- 
cipally vary  its  colour,  as  is  well  explained  by  Mr.  Morgan. 
Phil.  Tranf.  Vol.  LXXV.  Hence  lightning  is  red  when 
feen  through  a dark  cloud,  or  near  the  horizon;  becaufe  the 
more  refrangible  rays  cannot  permeate  fo  denfe  a medium. 
But  the  Ihootingftars  confid  of  white  light,  as  they  are  gene- 
rally feen  on  clear  nights, 'and  nearly  vertical : in  other  litua- 
tions  their  light  is  probably  too  faint  to  come  to  us.  But 
as  in  fome  remarkable  appearances  of  the  northern  lights,  as 
m March,  1716,  all  the  prifmatlc  colours  were  feen  quickly 
to  fucceed  each  other,  thefe  appear  to  have  been  owinor  to  real 
combuflion;  as  the  denfity  of  the  interpefed  medium  could  hot 
be  fuppofed  to  change  fo  frequently  ; and  therefore  thefe  co- 
lours mufl  have  been  owing  to  different  degrees  of  heat,  ac- 
cording to  Mr.  Morgan’s  theory  of  combuflion.  In  Smith’s 
Optics,  p.  G9,  the  prifmatlc  colours,  and  optical  deceptions 
of  the  northern  lights,  are  deferibed  by  Mr.  Cotes. 

The  Torricellian  vacuum,  if  perfedlly  free  from  air,  is  faid 
by  Mr.  Morgan  and  others  to  be  a perfedl  non-condudor. 
7’his  circumftance  therefore  would  preclude  the  eledtric 
flreams  from  rifing  above  the  atmofphere.  But  as  Mr. 
Morgan  did  not  try  to  pafs  an  eledric  fhock  through  a va- 
cuum, and  as  air,  or  fomething  containing  air,  furrounding 
the  tranfit  of  cledriclty  may  be  neceflary  to  the  produdion 
of  light,  the  conclufion  may  perhaps  flill  be  dubious.  If 
however  the  flreams  of  the  northern  lights  were  fuppofed  to 
rife  above  our  atmofphere,  they  would  only  be  vifible  at  each 
extremity  of  their  courfe;  w^here  they  emerge  from,  or  are 
again  immerged  into  the  atmofphere;  but  not  in  their  jour- 
ney through  the  vacuum  ; for  the  abfcnce  of  cledric  light  in 
a vacuum  is  fufliciemly  proved  by  the  common  experiment  of 
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fliaking  a barometer  in  the  dark;  the  eleflrlcity,  produced  by 
the  fri£tion  of  the  mercury  in  the  glafs  at  its  top,  is  luminous 
if  the  barometer  has  a little  air  in  it;  but  there  is  no  light  if 
the  vacuum  be  complete. 

The  aurora  borealis,  or  northern  dawn,  is  very  ino^ni- 
oufly  accounted  for  by  Dr.  Franklin  on  principles  of  eletfri- 
city.  He  premifes  the  following  ele£lric  phenomena:  1, 
That  all  new-fallen  fnow  has  much  pofitlve  electricity  land- 
ing on  its  furface.  ^.That  about  twelve  degrees  of  latitude 
round  the  poles  are  covered  with  a cruft  of  eternal  ice,  which 
is  impervious  to  the  eleClric  fluid.  3. That  the  denfe  part  of 
the  atmofphere  rifes  but  a few  miles  high ; and  that  in  tlie 
rarer  parts  of  it  the  eleClric  fluid  will  pafs  to  almoft  any  dif- 
tance. 

Hence  he  fuppofes  there  mufl  be  a great  accumulation  of 
pofitive  eleftrlc  matter  on  the  frefh-fallen  fnow  in  the  polar 
regions;  which,  not  being  able  to  pafs  through  the  cruft  of 
ice  into  the  earth,  muft  rife  into  the  rare  air  of  the  upper  parts 
of  our  atmofphere,  which  will  the  leaft  refift  its  paflage ; and 
pafling  towards  the  equator  defcend  again  into  the  denfer 
atmofphere,  and  thence  into  the  earth  in  fllent  ftreams. 
And  that  many  of  the  appearances  attending  thefe  lights  are 
optical  deceptions,  owing  to  the  fituation  of  the  eye  that  be- 
holds them : which  makes  all  afcendiug  parallel  lines  appear 
to  converge  to  a point. 

The'idea,  above  explained  in  note  on  1.  12.3,  of  the  exift- 
ence  of  a fphere  of  inflammable  gas  over  the  aerial  atmof- 
phere would  much  favour  this  theory  of  Dr.  Franklin  ; bc- 
caufe  in  that  cafe  the  denfe  aerial  atmofphere  would  rife  a 
much  lefs  height  inihe  polar  regions,  diminilhing almoft  to 
nothing  at  the  pole  itfelf ; and  thus  give  an  eafler  paftage  to 
theafeent  of  the  eleClric  fluid.  And  from  the  sreat  diflerence 
in  the  fpecific  gravity  of  the  two  airs,  and  the  velocity  of  the 
earth’s  rotation,  there  muft  be  a place  between  the  poles  and 


Note  L 


^56  METEORS. 

the  equator,  where  the  fuperior  atmofphere  of  inflammable 
gas  would  termmatej  which  would  account  forthefe  ftreams 
of  the  aurora  borealis  not  appearing  near  the  equator ; add 
to  this,  that  it  is  probable  the  electric  fluid  may  be  heavier 
than  the  magnetic  one;  and  will  thence  by  the  rotation 
of  the  earth’s  furface  afeend  over  the  magnetic  one  by  its 
centrifugal  force;  and  may  thus  be  induced  to  ride  through 
the  thin  ftratum  of  aerial  atmofphere  over  the  poles.  See 
Note  on  Canto  II.  1.  193.*  I lhall  have  occafion  again  to 
mention  this  great  accumulation  of  inflammable  air  over  the 
poles  ; and  to  conjeaure  that  thefe  northern  lights  may  be 
produced  by  the  union  of  inflammable  with  common  air, 
without  the  afliftance  of  the  ekaric  fpark  to  throw  them 
into  combuflion. 

The  antiquity  of  the  appearance  of  northern  lights  has 
been  doubted ; as  none  were  recorded  in  our  annals  fince 
the  remarkable  one  on  Nov.  14,  1574,  till  another  remark- 
able one  on  March  6,  1716,  and  the  three  following  nights, 
which  was  feen  at  the  fame  time  in  Ireland,  Rullia,  and 
Poland,  extending  near  30  degrees  of  longitude  and  from 
about  the  50th  degree  of  latitude  over  almoft  all  the  north 
of  Europe.  There  is  however  reafon  to  believe  them  of  re- 
mote antiquity,  though  inaccurately  defcribcd  ; thus  the  fol- 
lowing curious  pafTage  from  the  Book  of  Maccabees,  (B. 
II.  c.  V.)  is  fuch  a defeription  of  them,  as  might  probably  be 
triven  by  an  ignorant  and  alarmed  people.  Through  all  the 
city,  for  the  Ipace  of  almoft  forty  days,  there  w^cre  feenhorfe- 
men  runninc;  in  the  air,  in  cloth  of  gold,  and  armed  with 
lances,  like  a band  of  loldiers ; and  troops  of  horfemen  in 
array  encountering  and  running  one  againft  another,  with 
lhaking  of  ftiiclds  and  multitude  of  pikes,  and  drawing  of 
fw6rds%nd  calling  of  darts,  and  glittering  of  golden  orna- 
ments and  harnefs.” 
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NOTE  II.— PRIMARY  COLOURS. 

Cling  round  the  aerial  how  with  prifms  hright. 

And  pleafed  untwiji  the  fevenfold  threads  of  light. 

Canto  I,  1.  117* 

The  manner  in  which  the  rainbow  is  produced  was  in 
fome  meafure  underftood  before  Sir  Ifaac  Newton  had  dif- 
covered  his  theory  of  colours.  The  firft  perfon  who  ex- 
prefsly  (hewed  the  rainbow  to  be  formed  by  the  refledlion 
of  the  funbeams  from  drops  of  falling  rain  was  Antonio 
de  Dominis.  This  was  afterwards  more  fully  and  dilVin611y 
explained  by  Des  Cartes.  But  what  caufed  the  diverfity 
of  its  colours  was  not  then  underhood ; it  was  refcrved  for 
the  immortal  Newton  to  difcover  that  the  rays  of  light  con- 
(ifted  of  feven  combined  colours  of  different  refrangibility, 
which  could  be  feparated  at  pleafure  by  a wedge  of  glafs. 
Pemberton’s  View  of  Newton. 

Sir  Ifaac  Newton  difcovered  that  the  prifmatic  fpectrum 
was  compofed  of  feven  colours  in  the  following  pro- 
portions, violet  80,  indigo  40,  blue  60,  green  60,  yellow  4 8, 
orange  27,  red  45.  If  all  ihefc  colours  be  painted  on  a 
circular  card  in  the  proportion  above  mentioned,  and  the 
card  be  rapidly  whirled  on  its  centre,  they  produce  in  the 
eye  the  fenfation  of  white.  And  any  one  of  thefe  colours 
may  be  imitated  by  painting  a card  with  the  two  colours 
w'hich  are  contiguous  to  it,  in  the  fame  proportions  as  in  the 
fpe£lrum  and  whirling  them  in  the  fame  manner. 

My  ingenious  friend,  Mr.  Gabon  of  Birmingham,  af- 
certained  in  this  manner  by  a fet  of  experiments  the  follow- 
ing propofitions ; the  truth  o|[  which  he  had  preconceived 
from  the  above  data. 

VoL.  I.  S 
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1.  Any  colour  in  the  prifmatic  fpedirum  may  be  imitated 
by  a mixture  of  the  two  colours  contiguous  to  it. 

2. '  If  any  three  fuccelTive  colours  in  theprifmatio  fpe6lrum 
are  mixed,  they  compofe  only  the  fecond  or  middlemofl 
colour. 

3.  If  any  four  fuccelTive  colours  in  the  prifmatic  fpeflrum 
be  mixed,  a tint  fimilar  to  a mixture  of  the  fecond  and 
third  colours  will  be  produced,  but  not  preclfely  the  fame, 
becaufe  they  are  not  in  the  fame  proportion. 

4.  If  beginning  with  any  colour  in  the  circular  fpe6Irum, 
you  take  of  the  fecond  colour  a quantity  equal  to  the  firft, 
fecond,  and  third;  and  add  to  that  the  fifth  colour,  equal  in 
quantity  to  the  fourth,  fifth,  and  fixth ; and  with  thefe  com- 
bine the  feventh  colour  in  the  proportion  it  exifts  in  the 
fpeftrum,  white  will  be  produced.  Becaufe  the  firft,  fecond, 
and  third,  compofe  only  the  fecond ; and  the  fourth,  fifth, 
and  fixth,  compofe  only  the  fifth  ; therefore  if  the  fevcnth 
be  added,  the  fame  efte6t  is  produced,  as  if  all  the  feven 
were  employed. 

5.  Beginning  with  any  colour  in  the  circular  fpe£trum, 
if  you  take  a tint  compofed  of  a certain  proportion  of  the 
fecond  and  third,  (equal  in  quantity  to  the  firfl,  fecond, 
third,  and  fourth,)  and  add  to  this  the  fixth  colour  equal 
in  quantity  to  the  fifth,  fixth,  and  feven th,  while  will  be 
produced. 

From  thefe  curious  experiments  of  Mr.  Gallon  many 
phenomena  m the  chemical  changes  of  colours  may  pro- 
bably become  better  underftood;  cfpecially  if,  as  I fup- 
pofe,  the  fame  theory  mud:  apply  to  transmitted  colours,  as 
to  refle6fed  ones.  Thus  it  is  well  known,  that  if  the  glafs  of 
manganefe,  which  is  a tint  probably  compofed  of  violet  and 
indigo,  be  mixed  in  a certain  proportion  with  the  glafsof  lead, 
which  is  yellow,  that  the  mixture  becomes  tranfparent. 
Now  frow  Mr.  Gallon’s  experiments  it  appears,  that  in  re- 
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fledled  colours  fuch  a mixture  would  produce  white,  that  is, 
the  fame  as  if  all  the  colours  were  refledled.  And  therefore 
in  tranfmitted  colours  the  fame  circumftances  muft  produce 
tranfparency,  that  is,  the  fame  as  if  all  the  colours  were 
tranfmitted.  For  the  particles  which  conftitute  the  glafs  of 
manganefe  will  tranfmit  red,  violet,  indigo,  and  blue ; and 
thofe  of  the  glafs  of  lead  will  tranfmit  orange,  yellow,  and 
green  j hence  all  the  primary  colours  by  a mixture  of  thefe 
glaffes  become  tranfmitted,  that  is,  the  glafs  becomes 
tranfparent. 

Mr.  Galton  has  further  obferved  that  live  fucceffive  prif- 
matic  colours  may  be  combined  in  fuch  proportions  as  to 
produce  but  one  colour,  a circumflance  which  might  be  of 
confequence  in  the  art  of  painting.  For  if  you  begin  at 
any  part  of  the  circular  fpeftrum  above  deferibed,  and  take 
the  firft,  fecond,  and  third  colours  in  the  proportions  in 
which  they  exift  in  the  fpeftrum  ; thefe  will  compofe  only 
the  fecond  colour  equal  in  quantity  to  the  firfl:,  fecond,  and 
third  ; add  to  thefe  the  third,  fourth,  and  fifth,  in  the  pro- 
portion they  exill  in  the  fpe£trum,  and  thefe  w’ill  produce 
the  fourth  colour  equal  in  quantity  to  the  third,  fourth  and 
fifth.  Confequently  this  is  precifely  the  fame  thing,  as 
mixing  the  fecond  and  fourth  colours  only ; w hich  mix- 
ture would  only  produce  the  third  colour.  Therefore  if 
you  combine  the  firft,  fecond,  fourth,  and  fifth,  in  the  pro- 
portions in  which  they  exift  in  the  fpecSlrum,  w'ith  double 
the  quantity  of  the  third  colour,  this  third  colour  will  be 
produced.  It  is  probable  that  many  of  the  iinexpedled 
changes  in  mixing  colours  on  a painter’^  pallet,  as  w'ell  ai 
in  more  fluid  chemical  mixtures,  may  depend  on  thefe 
principles  rather  than  on  a new  arrangement  or  combina- 
tion of  their  minute  particles. 

Mr.  Galton  further  obferVes,  that  white  may  univer- 
lally  be  produced  by  the  combination  of  one  prifmatie 

S 2 


260  COLOURED  CLOUDS.  Note  III. 

colour,  and  a tint  intermediate  to  two  others.  Which  tint 
may  be  diainguiOied  by  a name  compounded  of  the  two 
colours,  to  which  it  is  intermediate.  Thus  white  is  pro- 
duced by  a mixture  «f  red  with  blue- green.  Of  orange 
with  indigo-blue.  Of  yellow  with  violet-indigo.  Of  green 
with  red-violet.  Of  blue  with  orange-red.  Of  indigo  with 
yellow-orange.  Of  violet  with  green-yellow.  Which  he 
further  remarks  exa6Uy  coincides  with  the  theory  and  fadls 
mentioned  by  Dr.  Robert  Darwin  of  Shrewfbury,  in  his  ac- 
count of  ocular  fpeara;  who  has  (hewn  that  when  one 
of  thefe  contrafted  colours  has  been  long  vievyed,  a fpearum 
or  appearance  of  the  other  becomes  vifible  in  the  fatigued 
eye.  Philof.  Tranf.  Vol.  LXXVL  for  the  year  1786. 

Thefe  experiments  of  Mr.  Galton  might  much  aflifl  the 
copper-plate  printers  of  calicoes  and  papers  in  colours ; as 
three  colours  or  more  might  be  produced  by  two  copper-  ^ 
plates.  Thus  fuppofe  fome  yellow  figures  were  put  on  by 
the  firft  plate,  and  upon  fome  parts  of  thefe  yellow  figures 
and  on  other  parts  of  the  ground  blue  was  laid  on  by  another 
copper-plate,  the  three  colours  of  yellow,  blue,  and  green 
might  be  produced ; as  green  leaves  with  yellow  and  blue 
flowers. 


NOTE  III.— COLOURED  CLOUDS. 

Eve's  /liken  couch  ivifli  gorgeous  tints  adorn, 

And /ire  the  ai’TOwy  throne  of  ri/ng  morn. 

Canto  I.  1.  1 19* 


The  rays  from  the  rifing  and  letting  fun  are  refraiSled  by 
our  fpherical  atmofphere,  hence  the  mofl  refrangible  rays, 
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as  the  violet,  indigo,  and  blue,  are  reflc6\ed  in  greater  quan- 
tities from  the  morning  and  evening  Ikies;  and  the  leaf! 
refrangible  ones,  as  red  and  orange,  are  laft  feen  about  the 
fettingfun.  Hence  Mr.  Bcguclin  obferved  that  the  fhadow 
of  his  finger  on  his  pocket-book  was  much  bluer  in  the 
morning  and  evening,  when  the  lhadow  was  about  eight 
times  as  long  as  the  body  from  which  it  was  proje6led. 
Mr.  Melville  obferves,  that  the  blue  rays  being  more  refran- 
gible are  bent  down  in  the  evenings  by  our  atmofphere, 
while  the  red  and  orange  being  lefs  refrangible  continue 
to  pafs  on  and  tinge  the  morning  and  evening  clouds  with 
their  colours.  See  Priefiley’s  Hiflory  of  Light  and  Colours, 
p.  440.  But  as  the  particles  of  air,  like  thofe  of  water,  are 
themfclves  blue,  a blue  fhadow  may  be  feen  at  all  times  of 
the  day,  though  much  more  beautifully  in  the  mornings  and 
evenings,  or  by  means  of  a candle  in  the  middle  of  the 
day.  For  if  a fhadow  on  a piece  of  white  paper  is  produced 
by  placing  your  finger  between  the  paper  and  a candle  in 
the  day  light,  the  fhadow  will  appear  very  blue ; the  yel- 
low light  of  the  candle  upon  the  other  parts  of  the  paper 
apparently  deepens  the  blue  by  its  contraft,  thefe  colours 
being  oppofite  to  each  other,  as  explained  in  note  II. 

Colours  are  produced  from  clouds  or  mills  by  refradlion, 
as  well  as  by  refledlion.  In  riding  in  the  night  over  an 
unequal  country  I obferved  a very  beautiful  coloured  halo 
round  the  moon,  whenever  I was  covered  with  a few  feet 
of  mifl:,  as  I afeended  from  the  vallies;  which  ceafed  to  ap- 
pear when  I rofe  above  the  mift.  This  I fuppofe  was  owing 
to  the  thinnefs  of  the  firatum  of  mifl:,  in  which  I was  im- 
merfed ; had  it  been  thicker,  the  colours  refra£led  by  the 
fmall  drops,  of  which  a fog  confifts,  would  not  have  pafled 
through  it  down  to  my  eye. 

There  is  a bright  fpot  feen  on  the  cornea  of  the  eve, 
when  we  face  a window,  which  is  much  attended  to  bv  por- 
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trait  painters;  this  is  the  light  refle6ted  from  the  fpherical 
furface  of  the  poliihed  cornea,  and  brought  to  a focus;  if 
the  obferver  is  placed  in  this  focus,  he  fees  the  image  of  the 
window ; if  he  is  placed  before  or  behind  the  focus,  he  only 
fees  a luminous  fpot,  which  is  more  luminous  and  of  lefs 
extent,  the  nearer  he  approaches  to  the  focus.  The  lumi- 
nous appearance  of  the  eyes  of  animals  in  the  dulky  corners 
of  a room,  or  in  holes  in  the  earth,  may  arife  in  fome  inftan- 
ces  from  the  fame  principle;  viz.  the  refleaion  of  the  light 
from  the  fpherical  cornea ; which  will  be  coloured  red  or 
blue  in  fome  degree  by  the  morning,  evening,  or  meridian 
light ; or  by  the  objeas  from  which  that  light  is  previoully 
refleaed.  In  the  cavern  at  Colebrook  Dale,  w'here  the  mi- 
neral tar  exfudes,  the  eyes  of  the  horfe,  which  was  drawing 
a cart  from  within  towards  the  mouth  of  it,  appeared  like 
two  balls  of  phofphorus,  when  he  was  above  100  yards  oft, 
and  for  a long  time  before  any  other  part  of  the  animal  was 
vifible.  In  this  cafe  I fufpea  the  luminous  appearance  to 
liave  been  owing  to  the  light,  which  had  enteied  the  eye, 
being  refleaed  from  the  back  furface  of  the  vitreous  humour, 
and  thence  emerging  again  in  parallsl  rays  irom  the  animal  s 
eye,  as  it  does  from  the  back  furface  of  the  drops  of  the 
rainbow,  and  from  the  water-drops  which  lie,  perhaps  with- 
out contaa,  on  cabbage-leaves,  and  have  the  brilliancy  of 
quickfilver.  This  accounts  for  this  luminous  appearance 
being  beft  feen  in  thofe  animals  which  have  large  apertures 
in  their  iris,  as  in  cats  and  horfes,  and  is  the  only  part  vifi-r 
ble  in  obfeure  places,  bccaufe  this  is  a better  refle6ling  fur- 
face than  any  other  part  of  the  animal.  If  any  of  theffe 
emergent  rays  from  the  animal’s  eye  can  befuppofed  to  have 
been  refledlcd  from  the  choroid  coat  through  the  femi-tran- 
fparent  retina,  this  would  account  for  the  coloured  glare  of 
the  eyes  of  dogs  or  cats  and  rabbits  in  dark  corners. 


NOTE  IV.— COMETS. 


Alarm  with  comet  Haze  the  fapphire  plain. 

The  wan  Jlars  glimmering  through  its  Jilver  train. 

Canto  I.  1.  133, 

There  have  been  many  theories  Invented  to  account  for 
the  tails  of  comets.  Sir  Ilaac  Newton  thinks  that  they  con- 
fill  of  rare  vapours  raifed  from  the  nucleus  of  the  comet,  and 
fo  rarefied  by  the  fun’s  heat  as  to  have  their  general  gravita- 
tion diminifhed,  and  that  they  in  confequence  afcend  oppo- 
fite  to  the  fun,  and  from  thence  refletl  the  rays  of  light.  Dr. 
Halley  compares  the  light  of  the  tails  of  comets  to  the  ftrcams 
of  the  aurora  borealis,  and  other  eledric  effluvia.  Philof. 
Tranf.  No.  347. 

Dr.  Hamilton  obferves,  that  the  light  of  fmallflars  is  feen 
imdiminiffled  through  both  the  light  of  the  tails  of  comets, 
and  of  the  aurora  borealis,  and  has  farther  illuftrated  their 
ele6lric  analogy,  and  adds  that  the  tails  of  comets  conhft  of 
a lucid  felf-fhining  fubftance  which  has  not  the  power  of  re- 
frafting  or  refle£ling  the  rays  of  light.  Eflays. 

The  tail  of  the  comet  of  1744  atone  time  appeared  to  ex- 
tend above  16  decrees  from  its  body,  and  mufl  have  thence 
been  above  twenty- three  millions  of  miles  long.  And  the 
comet  of  16S0,  according  to  the  calculations  of  Dr.  Halley, 
on  November  the  nth,  was  not  above  one  femi-diameter  of 
the  earth,  or  lefs  than  4000  miles  to  the  northward  of  the 
way  of  the  earth  ; at  which  time  had  the  earth  been  in  that 
part  of  its  orbit,  what  might  have  been  the  confequence ! 
no  one  w'ould  probably  have  furvived  to  have  regiftered  the 
tremendous  effefts. 

The  comet  of  1531,  1607,  and  1682,  having  returned  in 
the  year  1759,  according  to  Dr.  Halley’s  prediction  in  the 
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Phllof.  Tranf.  for  1/05,  there  feems  no  reafon  to  doubt  that 
all  the  other  comets  will  return  after  their  proper  periods. 
Aftronomers  have  in  general  acquiefced  in  the  conjecture  of 
Dr.  Halley,  that  the  comets  of  1532,  and  1661,  are  one  and 
the  fame  comet,  from  the  fimilarityof  the  elements  of  their 
orbits,  and  were  therefore  induced  to  expeCl  its  return  to  its 
perihelium  in  1789.  As  this  comet  is  liable  to  be  dilturbed 
in  its  afcent  from  the  fun  by  the  planets  Jupiter  and  Saturn, 
Dr.  Malkelyne  expcCled  its  return  to  its  perihelium  in  the 
beginning  of  the  year  1789,  or  the  latter  end  of  the  year 
1/88,  and  certainly  fome  time  before  the  27ihol  April,  1789, 
which  prediction  has  not  been  fulfilled.  Philof.  Tranf.  Vol. 

Lxxvr. 

As  the  comets  are  fmall  maffes  of  matter,  and  pafs  In  their 
perihelion  very  near  the  fun,  and  become  invifible  to  us  on 
thefe  accounts  In  a fliort  fpace  of  time,  their  number  has 
not  yet  been  afeertained,  and  will  probably  increafe  with  the 
improvement  of  our  telefcopes.  M.  Bode  has  given  a table 
of  7sJ  comets,  whofe  orbits  are  already  calculated  ; of  thefe 
60  pafs  within  the  earth’s  orbit,  and  only  twelve  without  it ; 
and  mofl;  of  them  appear  between  the  orbits  of  Venus  and 
Mercury,  or  nearly  midway  between  the  fun  and  earth  ; from 
w^hence,  and  from  the  planes  of  their  orbits,  being  inclined 
to  that  of  the  earth  and  other  planets  in  all  pofiible  angles, 
they  are  believed  to  be  Icfs  liable  to  Interfere  with,  or  injure 
each  other.  M.  Bode  afterwards  inquires  into  the  neareft 
approach  it  is  pofiible  for  each  of  the  known  comets  to  make 
towards  the  earth’s  orbit.  He  finds  that  only  three  of  them 
can  come  within  a diftance  equal  to  two  or  three  times  the 
diftance  of  the  moon  from  it:  and  then  adds  the  jrreat  im- 
probability,  that  the  earth  ihould  be  in  that  dangerous  point 
of  its  orbit,  at  the  infiant  when  a comet,  which  may  have 
been  abfent  fome  centuries,  pafles  fo  rapidly  part  it.  Hifioire 
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NOTE  V.— SUN’S  RAYS. 

Or  give  the  fun's  phlogijlic  orb  to  roll. 

Canto  I.  I.  136, 

The  tllfpute  among  philofopbers  about  phlogifton  is 
not  concerning  the  exiftence  of  an  inflammable  principle, 
but  rather  whether  there  be  one  or  more  inflammable  prin- 
ciples. The  difciples  of  Stahl,  which  till  lately  included  the 
whole  chemical  world,  believed  in  the  identity  of  phlogifton 
in  all  bodies  which  would  flame  or  calcine.  The  difciples  of 
Lavoifier  pay  homage  to  a plurality  of  phlogiflons,  under  the 
various  names  of  charcoal^  fulphur,  metals,  See.  Whatever 
will  unite  with  pure  air,  and  thence  compofe  an  acid,  is 
efteemed  in  this  ingenious  theory  to  be  a different  kind  of 
phlojriftic  or  inflammable  body.  At  the  fame  time  there  re- 
mains a doubt  whether  thefe  inflamma’Jie  bodies,  as  metals, 
fulphur,  charcoal,  &c.  may  not  be  compounded  of  the  fame 
phlogifton  along  with  fome  other  material  yet  undifeovered, 
and  thus  an  unity  of  phlogifton  exift,  as  in  the  theory  of 
Stahl,  though  very  differently  applied  in  the  explication  of 
chemical  phenomena. 

Some  modern  philofophers  are  of  opinion,  that  the  fun 
is  the  great  fountain  from  which  the  earth  and  other  pla- 
nets derive  all  the  phlogifton  which  they  poffefs ; and  that 
this  is  formed  by  the  combination  of  the  folar  rays  with  all 
opake  bodies,  but  particularly  with  the  leaves  of  vegetables, 
which  they  fuppofe  to  be  organs  adapted  to  abforb  them. 
And  that  as  animals  receive  their  nouriftiment from  vegeta- 
bles they  alfo  obtain  in  a fecondary  manner  their  phlogifton 
from  the  fun.  And  laftly  as  great  maftes  of  the  mineral 
kingdom,  which  have  been  found  in  the  thin  cruft  of  the 
earth  which  human  labour  has  penetrated,  have  evidently 
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been  formed  from  the  recrements  of  animal  and  vegetable 
bodies,  thefe  alfo  are  fuppofed  thus  to  have  derived  their 
phlogifton  from  the  fun. 

Another  opinion  concerning  the  fun’s  rays  is,  that  they 
are  not  luminous  till  they  arrive  at  our  atmofphere ; and 
that  there  uniting  with  forae  part  of  the  air  they  produce 
combuftion,  and  light  is  emitted,  and  that  an  ethereal  acid, 
yet  undifcovered,  is  formed  from  this  combuftion. 

The  more  probable  opinion  is,  perhaps,  that  the  fun  is  a 
phlogiftic  mafs  of  matter,  whofe  furface  is  in  a ftate  of  com- 
buftion, which  like  other  burning  bodies  emits  light  with 
immenfe  velocity  in  all  direaions;  that  thefe  rays  of  light 
aa  upon  all  opake  bodies,  and  combining  with  them  either 
difplace  or  produce  their  elementary  heat,  and  become  che- 
mically combined  with  the  phlogiftic  part  of  them ; for  light 
is  given  out  when  phlogiftic  bodies  unite  with  the  oxygenous 
principle  of  the  air,  as  in  combuftion,  or  in  the  reduaion  of 
metallic  calxes  ; thus  in  prefenting  to  the  flame  of  a candle 
a letter-wafer,  (if  it  be  coloured  with  red-lead,)  at  the  time 
the  red-lead  becomes  a metallic  drop,  a flafti  of  light  is  per- 
ceived. Dr.  Alexander  Wilfon  very  ingenioufly  endeavours 
to  prove  that  the  fun  is  only  in  a ftate  of  combuftion  on  its 
furface,  and  that  the  dark  fpots  feen  on  the  difk  are  excava- 
tions or  caverns  through  the  luminous  cruft,  lome  of  which 
are  4000  miles  in  diameter.  Phil.  Tranf.  1774.  Of  this  I 
fliall  have  occafion  to  fpcak  again. 
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Ro2md  herjlill  centre  tread  the  lurning  soil. 

And  watch  the  billowy  Lavas,  as  they  boil. 

Canto  1. 1.  139. 

M.  De  Mairan,  in  apaperpubUfhad  in  the  Hiftoire  de 
I’Academie  de  Sciences,  1765,  has  endeavoured  to  fhewthat 
the  earth  receives  but  a fmall  part  of  the  heat  which  it  pof- 
feffes,  from  the  fun’s  rays,  but  is  principally  heated  by  fires 
within  itfelf.  He  thinks  the  fun  is  the  caufe  of  the  vicif- 
fitudes  of  our  feafons  of  fummer  and  winter  by  a very  fmall 
quantity  of  heat  in  addition  to  that  already  refiding  in  the 
earth,  which  by  emanations  from  the  centre  to  the  circum- 
ference renders  the  furface  habitable,  and  without  which, 
though  the  fun  was  conllantly  to  illuminate  two  thirds  of 
the  globe  at  once,  with  a heat  equal  to  that  at  the  equator,  it 
would  foon  become  a mafs  of  folid  ice.  His  reafonings  and 
calculations  on  this  fubjed  are  too  long  and  too  intricate  to 
be  inferted  here,  but  are  equally  curious  and  ingenious  and 
carry  much  convl<Silon  along  with  them. 

The  opinion  that  the  centre  of  the  earth  confifts  of  a large 
qiafs  of  burning  lava,  has  been  efpoufed  by  Boyle,  Boerhaave, 
and  many  other  philofophers.  Some  of  whom  confidering 
its  fuppofed  eftects  on  vegetation  and  the  formation  of  mine- 
rals have  called  it  a fecond  fun.  There  are  many  arguments 
in  fupport  of  this  opinion,  i.  Eecaufe  the  power  of  the  fun 
does  not  extend  much  beyond  ten  feet  oeep  into  the  earth, 
all  below  being  in  winter  and  fummer  always  of  the  fame 
degree  of  heat,  viz.  48,  which  being  much  warmer  than  the 
milcleft  froft,  is  fuppofed  to  be  fuftained  by  fome  internal  dlf- 
tant  fire.  Add  to  this  however  that  from  e.xptriments  made 
fome  years  ago  by  Dr.  Franklin,  the  fpring-water  at  Phila- 
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delphia  appeared  to  be  of  32  of  heat,  which  feems  further  to 
confirm  this  opinion,  fince  the  climates  in  North  America 
are  fuppofed  to  be  colder  than  thofe  of  Europe  under  fimi- 
lar  degrees  of  latitude.  2.  M.  De  Luc  in  going  1359  feet 
perpendicular  into  the  mines  of  Hartz,  on  July  the  5th, 
1778,  on  a very  fine  day  found  the  air  at  the  bottom  a little 
warmer  than  at  the  top  of  the  Ihaft.  Phil.  Tranf.  Vol. 
LXIX.  p.  488.  In  the  mines  in  Hungar)',  which  are  500 
cubits  deep,  the  heat  becomes  very  troublefome  when  the 
miners  get  below  480  feet  depth.  Morinus  de  Lncis  fuhter, 
p.  131.  But  as  fome  other  deep  mines  as  mentioned  by 
Mr.  Kirwan  are  faid  to  pofTefs  but  the  common  heat  of  the 
earth ; and  as  the  cruft  of  the  globe  thus  penetrated  by  hu- 
man labour  is  fo  thin  compared  with  the  whole,  no  certain 
dedudion  can  be  made  from  thefe  fads  on  either  fide  of  the 
queftion.  3.  The  warm-fprings  in  many  parts  of  the  earth 
at  great  diftance  from  any  volcanoes  feem  to  originate  from 
the  condenfation  of  vapours  arifing  from  water  w-hich  is  boiled 
by  fubterraneous  fires,  and  cooled  again  in  their  paflage 
through  a certain  length  of  the  colder  foil ; for  the  theory  of 
chemical  folution  will  not  explain  the  equality  of  their  heat 
at  all  feafons  and  through  fo  many  centuries.  See  note  on 
Fucus  in  Vol.  IT.  See  a letter  on  this  fubjed  in  Mr.  Pil- 
kington’s  View  of  Derbyfliire  from  Dr.  Darwin.  4.  From 
the  fituatlons  of  volcanoes  which  are  always  found  upon  the 
fummit  of  the  higheft  mountains.  For  as  thefe  mountains 
have  been  lifted  up  and  lofe  fcveral  of  their  uppermoft  ftrata 
as  they  rife,  the  loweft  ftrata  of  the  earth  yet  known  appear 
at  the  tops  of  the  higheft  hills ; and  the  beds  of  the  volca- 
noes upon  thefe  hills  muft  in  confcquence  belong  to  the 
loweft  ftrata  of  the  earth,  confifting  perhaps  of  granite  or  ba- 
falies,  which  were  produced  before  the  exiftence  of  animal 
or  vegetable  bodies,  and  might  conftitute  the  original  nu- 
cleus of  the  earth,  which  I have  fuppofed  to  have  bceti  pro- 
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je£ted  from  the  fun,  hence  the  volcanoes  thenifelves  appear 
to  be  fpiracula  or  chimneys  belonging  to  great  central  tires. 

It  is  probably  owing  to  the  efcape  of  the  elaftic  vapours 
from  thefe  fpiracula  that  the  modern  earthquakes  are  of 
fuch  fmall  extent  compared  with  thole  of  remote  antiquity,  . 
of  which  the  veftiges  remain  all  over  the  globe.  5.  The 
great  fize  and  height  of  the  continents,  and  the  great  fize 
and  depth  of  the  South-fea,  Atlantic,  and  other  oceans, 
evince  that  the  firft  earthquakes,  which  produced  thefe  im- 
menfe  changes  in  the  globe,  muft  have  been  occafioned  by 
central  fires.  6.  The  verydiftant  and  expeditious  commu- 
nication of  the  {hocks  of  fome  great  earthquakes.  The 
earthquake  at  Lifbon  in  1755  was  perceived  in  Scotland,  in 
the  Peak  of  Derbylhire,  and  in  many  other  diftant  parts  of 
Europe.  The  perculhons  of  it  travelled  with  about  the  ve- 
locity of  found,  viz.  about  thirteen  miles  in  a minute.  The 
earthquake  in  1 693  extended  2600  leagues.  (Goldfmith  s 
' Hiftory.)  Thefe  phenomena  are  eafdy  explained  if  the  cen- 
tral parts  of  the  earth  confift  of  a fluid  lava,  as  a percufliori 
on  one  part  of  fuch  a fluid  mafs  would  be  felt  on  other  parts 
of  its  confining  vault,  like  a flroke  on  a fluid  contained  in  a 
bladder,  which  however  gentle  on  one  fide  is  perceptible  to 
the  hand  placed  on  the  other ; and  the  velocity  with  which 
fuch  a concufflon  would  travel  would  be  that  of  found,  or 
thirteen  miles  in  a minute.  For  further  information  on  this 
part  of  the  fubjecl  the  reader  is  referred  to  Mr.  Michell’s  ex- 
cellent Treatife  on  earthquakes  in  the  Philof.  Tranf.  Vol.  LI. 
7.  That  there  is  a cavity  at  the  centre  of  the  earth  is  made 
probable  by  the  late  experiments  on  the  attradion  of  moun- 
tains by  Mr.  Mafkelyne,  who  fuppofed  from  other  confider- 
ations  that  the  denfity  of  the  earth  near  the  furface  ihould 
be  five  limes  lefs  than  its  mean  denfity.  Phil.  Tranf,  Vol. 
LXV.  p.  498.  But  found  from  the  atlra6lion  of  the  moun- 
tain SchehalUcn,  that  it  is  probable,  the  mean  denfity  of  the 
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earth  is  but  double  that  of  the  hill.  Ibid.  p.  533.  Hence 
if  the  lirft  fuppofition  be  well  founded  there  would  appear  to 
be  a cavity  at  the  centre  of  confiderable  magnitude,  from 
whence  the  immenfe  beds  and  mountains  of  lava,  toad- 
ftone,  bafaltes,  granite,  &c.  have  been  protruded.  8.  The 
variation  of  the  compafs  can  only  be  accounted  for  by  fup- 
pofing  the  central  parts  of  the  earth  to  confill;  of  a fluid  mafs, 
and  that  part  of  this  fluid  is  iron,  which  requiring  a greater 
degree  of  heat  to  bring  it  into  fufion  than  glafs  or  other  me- 
tals, remains  a folid,  and  the  vis  inertiae  of  this  fluid  mafs 
with  the  iron  In  It,  occafions  it  to  perform  fewer  revolutions 
than  the  crufl;  of  folid  earth  over  it,  and  thus  it  is  gradually 
left  behind,  and  the  place  where  the  floating  iron  refldes  is 
pointed  to  by  the  diredl  or  retrograde  motions  of  the  mag- 
netic needle.  This  feems  to  have  been  nearly  the  opinion  of 
Dr.  Halley  and  Mr.  Euler. 


NOTE  VIL— ELEMENTARY  HEAT. 

Or  fphere  on  fphere  in  widening  waves  expand, 

And.  glad  with  genial  warmth  the  incumbent  land. 

Canto  I.  1.  143. 

A CERTAIN  quantity  of  heat  feems  to  be  combined 
with  all  bodies  befidesthe  fenflble  quantity  which  gravitates 
like  the  elcaric  fluid  amongfl:  them.  This  combined  heat 
or  latent  heat  of  Dr.  Black,  when  fet  at  liberty  by  fermen- 
tation, inflammation,  cryftalllzation,  freezing,  or  other  che- 
mical attradtions,  producing  new  combination,  pafles  as  a 
fluid  element  into  the  furrounding  bodies.  And  by  thawing, 
diffuflon  of  neutral  falts  in  water,  melting,  and  other  che- 
mical folutions,  a portion  of  heat  is  attra6led  from  the  bodies 
in  the  vicinity  and  enters  into  or  becomes  combined  with 
the  new  folutions. 
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Hence  a combination  of  metals  with  acids,  of  elTential 
oils  and  acids,  of  alcohol  and  water,  of  acids  and  water, 
give  out  heat ; whilft  a foluiion  of  fnow  in  water  or  in  acids, 
and  of  neutral  falls  in  water,  attradl  heat  from  the  furroimd- 
ing  bodies.  So  the  acid  of  nitre  mixed  with  oil  of  cloves 
unites  with  it  and  produces  a moft  violent  flame;  the  fame 
acid  of  nitre  poured  on  fnow  inftantly  diflblves  it  and  pro- 
duces the  greatell  degree  of  cold  yet  known,  by  which 
at  Peterfburgh  quickfdver  was  firft  frozen  in  I76O. 

W^ater  may  be  cooled  below  32°  without  being  frozen,  if 
it  be  placed  on  a folid  floor  and  fccured  from  agitation, 
but  when  thus  cooled  below  the  freezing  point  the  lead 
agitation  turns  part  of  it  fuddenly  into  ice,  and  wdien  this 
fudden  freezing  takes  place  a thermometer  placed  in  it  in- 
ftantly rifes,  as  fomeheat  is  given  out  in  the  a6l  of  congela- 
tion, and  the  ice  is  thus  left  with  the  fame  Jenfihle  degree 
of  cold  as  the  water  had  poflefled  before  it  was  agitated, 
but  is  neverthelefs  now  combined  with  lefs  latent  heat. 

A cubic  inch  of  water  thus  cooled  down  to  32°  mixed 
with  an  equal  quantity  of  boiling  water  at  212°  will  cool  it 
to  the  middle  number  between  thefe  two,  or  to  122.  But  a 
cubic  inch  of  ice,  whofe  fcnfible  cold  alfo  is  but  32,  mixed 
with  an  equal  quantity  of  boiling  water,  will  cool  it  fix  times 
as  much  as  the  cubic  inch  of  cold  water  above  mentioned, 
as  the  ice  not  only  gains  its  (hare  of  the  fenfible  or  gravitating 
heat  of  the  boiling  water  but  attracts  to  itfelf  alfo  and  com- 
bines with  the  quantity  of  latent  heat  which  it  had  loft  at 
the  time  of  its  congelation. 

So  boiling  water  will  acquire  but  212°  of  heat  under  the 
common  preflure  of  the  atmofphcre,  but  the  fleam  raifed 
from  it  by  its  expanfion  or  by  its  folution  in  the  atmofphere 
combines  with  and  carries  aw'ay  a prodigious  quantity  of 
heat  which  it  again  parts  with  on  its  condenfaiion  ; as  is 
feen  in  common  diftillation,  where  the  large  quantity  of 
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water  in  the  worm  tub  is  foon  heated.  Hence  the  evapora- 
tion of  ether  on  a thermometer  foon  finks  the  mercury 
below  freezing,  and  hence  a warmth  of  the  air  in  winter  fre- 
quently fucceeds  a fliower. 

When  the  matter  of  heat  or  calorique  is  fet  at  liberty 
from  its  combinations,  as  by  inflammation,  it  pafles  into  the 
furrounding  bodies,  which  poffefs  different  capacities  of 
acquiring  their  fhare  of  the  loofe  or  fenflble  heat;  thus  a 
pint  meafure  of  cold  water  at  48°  mixed  with  a pint  of 
boiling  water  at  212°  will  cool  it  to  the  degree  between  thefe 
two  numbers,  or  to  134°,  but  it  requires  two  pint  meafures 
of  quickfilver  at  48°  of  heat  to  cool  one  pint  of  water  as 
above.  Thefe  and  other  curious  experiments  are  adduced 
by  Dr.  Black  to  evince  the  exiflence  of  combined  or  latent 
heat  in  bodies,  as  has  been  explained  by  fome  of  his  pupils, 
and  well  illuftrated  by  Dr.  Crawford.  The  world  has 
long  been  in  expectation  of  an  account  of  his  difeoveries  on 
this  fubjeCt  by  the  celebrated  author  himfelf. 

As  this  doCtrine  of  elementary  heat  in  its  fluid  and  com- 
bined flate  is  not  yet  univerfally  received,  I fhall  here  add 
two  arguments  in  fupport  of  it  drawn  from  different  fources, 
viz.  from  the  heat  given  out  or  abforbed  by  the  mechanical 
condenfation  or  expanfion  of  the  air,  and  perhaps  of  other 
bodies,  and  from  the  analogy  of  the  various  phenomena  of 
heat  with  thofe  of  elcClricity. 

I.  If  a thermometer  be  placed  in  the  receiver  of  an  air- 
pump,  and  the  air  haftilv  exhaufted,  the  thermometer  will 
fink  fome  degrees,  and  the  glafs  become  fteamy ; the  fame 
occurs  in  haOily  admitting  a part  of  the  air  again.  This  I 
fnppofe  to  be  produced  by  the  expanfion  of  part  of  the  air, 
both  during  the  exhauflion  and  re>admiflion  of  it ; and  that 
the  air  fo  expanded  becomes  capable  of  attracting  from  the 
bodies  in  its  vicinity  a part  of  their  heat,  hence  the  vapours 
contained  in  it  and  the  glafs  receiver  are  for  a time  colder  and 
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the  fteam  is  precipitated.  That  the  air  thus  parts  with  its 
inoifture  from  the  cold  occafioned  by  its  rarefadlion  and  not 
fimply  by  the  rarefadion  itfelf  is  evident,  becaufe  in  a mi- 
nute or  two  the  fame  rarefied  air  will  again  take  up  the  dew 
dcpofited  on  the  receiver,  and  becaufe  water  will  evaporate 
fooner  in  rare  than  in  denfe  air. 

There  is  a curious  phenomenon  fimilar  to  this  obferv^ed  in 
the  fountain  of  Hiero  conftru6led  on  a large  fcale  at  the 
Chemnicenfian  mines  in  Hungary,  In  this  machine  the 
air  in  a large  veflel  is  comprefled  by  a column  of  water  260 
feet  high,  a fiop-cock  is  then  opened,  and  as  the  air  ifllies 
out  with  great  vehemence,  and  thus  becomes  immediately 
greatly  expanded,  fo  much  cold  is  produced  that  the  moif- 
ture  from  this  ftream  of  air  is  precipitated  in  the  form  of  fnow, 
and  ice  is  formed  adhering  to  the  nofel  of  the  cock.  This 
remarkable  circumftance  is  deferibed  at  large  with  a plate  of 
the  machine  in  Philof.  Tranf.  Vol.  LTI.  for  I76I.  p.  547. 

The  following  experiment  is  related  by  Dr.  Darwin  in  the 
Philof.  Tranf.  Vol.  LXXVIII.  Having  charged  an  air- 
gun  as  forcibly  as  he  well  could,  the  air-cell  and  fyringe  be- 
came exceedingly  hot,  much  more  fo  than  could  be  aferibed 
to  the  fridlion  in  working  it;  it  was  then  left  about  half  an 
hour  to  cool  down  the  temperature  of  the  air,  and  a thermo- 
meter having  been  previoufly  fixed  againfl:  a wall,  the  air 
was  difeharged  in  a continual  ftream  on  its  bulb,  and  it  funk 
many  degrees.  From  thefe  three  experiments  of  the  fteam 
in  the  exhaufted  receiver  being  depofited  and  rc-abforbed, 
when  a part  of  the  air  is  exhaufted  or  re-admitted, 
and  the  fnow  produced  by  the  fountain  of  Hiero,  and 
the  extraordinary  heat  given  out  in  charging,  and  the 
cold  produced  in  difeharging  an  air-gun,  there  is  reafon  to 
conclude  that  when  air  is  mechanically  comprefled  the  ele- 
mentary fluid  heat  is  prefted  out  of  it,  and  that  when  it  is 
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mechanically  expanded  the  fame  fluid  heat  is  re-abforbed 
from  the  common  mafs. 

It  is  probable  all  other  bodies  as  well  as  air  attra£l  heat 
from  their  neighbours  when  they  are  mechanically  expanded, 
and  give  it  out  when  they  are  mechanically  condenfed.  Thus 
when  a vibration  of  the  particles  of  hard  bodies  is  excited  by 
friction  or  by  percuffion,  thefe  particles  mutually  recede 
from  and  approach  each  other  reciprocally;  at  the  times  of 
their  recefllon  from  each  other,  the  body  becomes  enlarged 
in  bulk,  and  is  then  in  a condition  to  attract  heat  from  thofc 
in  its  vicinity  with  great  and  fuddeti  power;  at  the  times  of 
their  approach  to  each  other  this  heat  is  again  given  out, 
but  the  bodies  in  contadt  having  in  the  meanwhile  received 
the  heat  they  had  thus  loft,  from  other  bodies  beh’ud  them, 
do  not  fo  fuddenly  or  fo  forcibly  re*abforb  the  heat  again 
from  the  body  in  vibration;  hence  it  remains  on  its  furface 
like  the  elediric  fluid  on  a rubbed  glafs  globe,  and  for  the 
fame  reafon,  becaufe  there  is  no  good  condudlor  to  take  it 
up  again.  Hence  at  every  vibration  more  and  more  heat  is 
acquired  and  ftands  loofe  upon  the  furface;  as  in  filing  me- 
tals or  rubbing  glafs  tubes;  and  thus  a fmith  with  a few 
ftrokes  on  a nail  on  his  anvil  cait  make  it  hot  enough  to 
light  a brimftone  match  ; and  hence  in  ftriking  flint  and 
fteel  together  heat  enough  is  produced  to  vitrify  the  parts  thus 
Rrucken  off,  the  quantity  of  which  heat  is  again  probably 
increafed  by  the  new  chemical  combinatiop. 

II.  The  analogy  betw-een  the  phenomena  of  the  cledlric 
fluid  and  of  heat  furnilhes  another  argument  in  fupport  of 
the  exiftence  of  heat  as  a gravitating  fluid.  1.  They  arc 
both  ;iccumulated  by  fridlion  on  the  excited  body.  2.  They 
are  propagated  eafily  or  with  difficulty  alongthe  fame  clafles 
of  bodies;  with  eafe  by  metals,  with  Icfs  eafe  by  water  ; 
and  with  difficulty  by  reflns,  bees-wax,  filk,  air,  and  glafs. 
Thus  glafs  canes  or  canes  of  fcaling-wax  may  be  melted  by 
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a blow-pipe  or  a candle  within  a quarter  of  an  Inch  of  the 
fingers  which  hold  them,  without  any  inconvenient  heat, 
while  a pin  or  other  metallic  fubftance  applied  to  the  flame 
of  a candle  fo  readily  eondu6ls  the  heat  as  immediately  to 
burn  the  fingers.  Hence  clothes  of  filk  keep  the  body  war- 
mer than  clothes  of  linen  of  equal  thicknefs,  by  confining  the 
heat  upon  the  body.  And  hence  plains  are  fo  much  war- 
mer than  the  fummits  of  mountains  by  the  greater  denflty 
of  the  air  confining  the  acquired  heat  upon  them,  3.  They 
both  give  out  light  in  their  paflage  through  air,  perhaps  not 
in  their  paflage  through  a vacuum,  4.  They  both  of  them 
fufe  or  vitrify  metals.  5.  Bodies  after  being  eledlrifed  if 
they  arc  mechanically  extended  will  receive  a greater  quantity 
of  ele^ricity,  as  in  Dr.  Franklin’s  experiment  of  the  chain 
in  the  tankard ; the  fame  feems  true  in  refpetR  to  heat  as 
explained  above.  6.  Both  heat  and  ele6trleity  contribute  to 
fufpend  fleam  in  the  atmofphere  by  producing  or  increafing 
the  repulfion  of  its  particles.  7.  They  both  gravitate,  when 
they  have  been  accumulated,  till  they  find  their  equilibrium. 

If  we  add  to  the  above  the  many  chemical  experiments 
which  receive  an  eafy  and  elegant  explanation  from  the  fup- 
pofed  matter  of  heat,  as  employed  in  the  works  of  Bergman 
and  Lavoifier,  I think  we  may  reafonably  allow'  of  its  exifl- 
ence  as  an  element,  occafionally  combined  w'ith  other  bo- 
dies, and  occafionally  exifling  as  a fluid,  like  the  eledric 
fluid  gravitating  amongft  them,  and  that  hence  it  may  b« 
propagated  from  the  central  fires  of  the  earth  to  the  whole 
mafs,  and  contribute  to  preferve  the  mean  heat  of  the  earth, 
which  in  this  country  is  about  48  degrees  but  variable  from 
the  greater  or  lefs  effed  of  the  fun’s  heat  in  different  cli- 
mates, fo  well  explained  in  Mr.  Kirwan’s  Treatife  on  the 
Temperature  of  different  Latitudes.  1787.  Elmfiy.  London. 
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NOTE  VIII.— MEMNON’S  LYRE. 

So  to  the  /acred  Sun  in  Mcmnon' s fane 
Spontaneous  concords  quired  the  matin  Jirain. 

Canto  I.  1. 183, 

• The  gigantic  ftatue  of  Memnon  in  his  temple  at  Thebes 
had  a lyre  in  his  hands,  which  many  credible  writers  affiire 
us,  founded  when  the  rifing  fun  flione  upon  it.  Some  phi- 
lofophers  have  fuppofed  that  the  fun’s  light  poflefles  a me- 
chanical impulfe,  and  that  the  founds  above  mentioned 
might  be  thence  produced.  Mr.  MIchell  conftru6lcd  a very 
tender  horizontal  balance,  as  related  by  Dr.  Priehley  in  his 
hillory  of  light  and  colours,  for  this  purpofe,  but  fome  ex- 
periments with  this  balance  which  I faw  made  by  the  late 
Dr.  Powel,  who  threw  the  focus  of  a large  refleflor  on  one 
extremity  of  it,  were  not  conclufive  either  way,  as  the  cop- 
per leaf  of  the  balance  approached  in  one  experiment  and  re- 
ceded in  another. 

There  are  however  methods  by  which  either  a rotative  or 
alternating  motion  may  be  produced  by  very  moderate  de- 
grees of  heat.  If  a ftraight  glafs  tube,  fuch  as  are  ufed  for 
barometers,  be  fufpended  horizontally  before  a fire,  like  a 
roafting  fpit,  it  will  revolve  by  Intervals;  for  as  glafs  is  a bad 
condudor  of  heat,  the  fide  next  the  fire  becomes  heated 
fooner  than  the  oppofite  fide,  and  the  tube  becomes  bent 
into  a bow  with  the  external  part  of  the  curve  towards  the  ' 
fire,  this  curve  then  falls  down  and  produces  a fourth  part  of 
a revolution  of  the  glafs  tube,  which  thus  revolve  with  inter- 
mediate paufes. 

Another  alternating  motion  I have  feen  produced  by  fuf- 
pending  a glafs  tube  about  eight  inches  long  with  bulbs  at 
each  end  on  a centre  like  a fcale  beam.  This  curious  ma* 
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chine  is  filled  about  one  third  part  with  pureft  fpirit  of  wine, 
the  other  two  thirds  being  a vacuum,  and  is  called  a pulfe 
glafs,  if  it  be  placed  in  a box  before  the  fire,  fo  that  either 
bulb,  as  it  rifes,  may  become  fhaded  from  the  fire,  and  ex- 
pofcd  to  it  when  it  defcends,  an  alternate  libration  of  it  is 
produced.  For  fpirit  of  wine  in  vacuo  emits  fteam  by  a very 
fmall  degree  of  heat,  and  this  fteam  forces  the  fpirit  beneath 
it  up  into  the  upper  bulb>  which  therefore  defcends.  It  is 
probable  fuch  a machine  on  a larger  fcale  might  be  of  ufe  to 
open  the  doors  or  windows  of  hot-houfes  or  melon-frames, 
when  the  air  within  them  fliould  become  too  much  heated, 
or  might  be  employed  in  more  important  mechanical  pur- 
pofes. 

On  travelling  through  allot  fummer’s  day  in  a chaife  with 
a box  covered  with  leather  on  the  fore-axle-tree,  I obferved, 
as  the  fun  ftione  upon  the  black  leather,  the  box  began  to 
open  its  lid,  which  at  noon  rofe  above  a foot,  and  could  not 
without  great  force  be  prefled  down;  and  which  gradually 
clofed  again  as  the  fun  declined  in  the  evening.  This  I fup- 
pofe  might  with  ftill  greater  facility  be  applied  to  the  pur- 
pofe  of  opening  melon-frames  or  the  fafhes  of  hot-houfes. 

The  flatue  of  Memnon  was  overthrown  and  fawed  in  two 
by  Cambyfes  to  difcover  its  internal  ftrudurtf,  and  is  faid 
ftill  to  exifi.  See  Savary’s  Letters  on  Egypt.  The  trunca- 
ted ftatue  is  faid  for  many  centuries  to  have  fainted  the  rifing 
fun  with  chearful  tones,  and  the  fetting  fpn  with  melancholy 
ones. 


NOTE  IX,— LUMINOUS  INSECTS* 

Star  of  the  earth,  and  diamond  of  the  night. 

..  Canto  I.  1. 

Th£re  are  eighteen  fpecies  of  Lampyris  or  glow’-worm, 
according  to  Linneaus,  fome  of  which  are  found  in  almoft 
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every  part  of  the  world.  In  many  of  the  fpecies  the  females 
have  no  wings,  and  are  fuppofed  to  be  difcovered  by  the 
winged  males  by  their  Hiining  in  the  night.  They  become 
much  more  lucid  when  they  put  themfelves  in  motion, 
which  would  feem  to  indicate  that  their  light  is  owing  to 
their  refpiration;  in  which  procefs  it  is  probable  phofphoric 
acid  is  produced  by  the  combination  of  vital  air  with  fome 
part  of  the  blood,  and  that  light  is  given  out  through  their 
tranfparent  bodies  by  this  flow  internal  combuflion. 

'I'hcre  is  a fire-fly  of  the  beetle-kind  deferibed  in  the  Diet. 
Ralfonne  under  the  name  of  Acudia,  which  is  faid  to  be 
two  inches  long,  and  inhabits  the  Indies  and  South 

America;  the  natives  ufe  them  inftead  of  candles,  putting 
from  one  to  three  of  them  under  a glafs.  Madam  Meriaii 
fays,  that  at  Surinam  the  light  of  this  fly  is  fo  great,  that 
(he  faw  fufHciently  well  by  one  of  them  to  paint  and  finifh 
one  of  the  figures  of  them  in  her  work  on  infects.  The 
larged  and  oldefl;  of  them  are  faid  to  become  four  inches 
long,  and  to  (bine  like  a (hooting  liar  as  they  fl}',  and  are 
thence  called  Lantern- bearers.  The  ufe  of  this  light  to  the 
infeft  itfelf  feenis  to  be  that  it  may  not  fly  againft  obje6ls  in 
the  night;  by  which  contrivance  thefeinfedts  are  enabled  to 
procure  their  fuflcnance  either  by  night  or  day,  as  their  wants 
may  require,  or  their  numerous  enemies  permit  them;  where- 
as fome  of  our  beetles  have  eyes  adapted  only  to  the  night, 
and  if  they  happen  to  come  abroad  too  foon  in  the  evening 
are  fo  dazzled  that  they  fly  againft  every  thing  in  their  way. 
See  note  on  Phofphorus,  No.  X. 

In  fome  feas,  as  particularly  about  the  coaft  of  Malabar, 
as  a ftiip  floats  along  it  feems  during  the  night  to  be  fur- 
rounded  with  fire,  and  to  leave  a long  tradl  of  light  behind 
it.  Whenever  the  fea  is  gently  agitated,  it  feems  converted 
into  little  ftars,  every  drop  as  it  breaks  emits  light,  like  bo- 
dies eledlrified  in  the  dark.  Mr.  Bomare  fays,  that  when  he 
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was  at  the  Port  of  Cettes  in  Languedoc,  and  bathing  with  a 
companion  in  the  fea  after  a very  hot  day,  they  both  appear- 
ed covered  with  fire  after  every  immerfion,  and  that  laying 
his  wet  hand  on  the  arm  of  his  companion,  who  had  not 
then  dipped  himfelf,  the  exa£l  mark  of  his  hand  and  fingers 
was  feen  in  characters  of  fire.  As  numerous  microfcopic 
infeCts  are  found  in  this  Ihining  water,  its  light  has  been 
generally  aferibed  to  them,  though  it  feems  probable  that 
fifli-flime  in  hot  countries  may  become  in  fuch  a ftate .of  in- 
cipient putrefaction  as  to  give  light,  efpecially  when  by 
agitation  it  is  more  expofed  to  the  air ; otherwife  it  is  not  . 
cafy  to  explain  w'hy  agitation  fhould  be  neceffary  to  produce 
this  marine  light.  See  note  on  Phofphorus,  No.  X. 


NOTE  X.— PHOSPHORUS. 

Or  mark  with  Jhining  letters  KunckeVs  name 
In  the  pale  phojphor' s felf-confuming  flame. 

Canto  I.  1. 231. 

Kunckel,  a native  of  Hamburgh,  was  the  firfl  who  dif- 
covered  to  the  w'orld  the  procefs  for  producing  phofphorus; 
though  Brandt  and  Boyle  were  likewife  faid  to  have  previ- 
oufly  had  the  art  of  making  it.  It  was  obtained  from  fal 
microcofmicum  by  evaporation  in  the  form  of  an  acid,  but 
has  fince  been  found  in  other  animal  fubflances,  as  in  the 
afhes  of  bones,  and  even  in  fome  vegetables,  as  in  wheat 
flour.  Keir’s  Chemical  DiCl.  This  phofphoric  acid  is,  like 
all  other  acids,  united  with  vital  air,  and  requires  to  be 
treated  with  charcoal  or  phlogifton  to  deprive  it  of  this  air, 
it  then  becomes  a kind  of  animal  fulphur,  but  of  fo  inflam- 
mable a nature,  that  on  the  accefs  of  air  it  takes  fire  fjx>n- 
taneoufly,  and  as  it  burns  becomes  again  united. with  vital 
air,  and  re-afliuncs  Its  form  of  phofphoric  acid. 

T 4 
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As  animal  refpiration  fcems  to  be  a kind  of  flow  combuf- 
tion,  in  which  it  is  probable  that  phofphoric  acid  is  pro- 
duced by  the  union  of  phofphorus  with  the  vital  air,  fo  it  is 
alfo  probable  that  phofphoric  acid  is  produced  in  the  excre- 
tory or  refpiratory  veflels  of  luminous  infers,  as  the  glow- 
worm and  fire-fly,  and  fome  marine  infedls.  From  the  fame 
principle  I fuppofe  the  light  from  putrid  flefli,  as  from  the 
heads  of  haddocks,  and  from  putrid  veal,  and  from  rotten 
wood,  in  a certain  ftate  of  their  putrefadion,  is  produced, 
and  phofphorus  thus  flowly  combined  with  air  is  changed 
into  phofphoric  acid.  1 he  light  from  the  Bolognian  ftone, 
and  fioin  calcined  fliells,  and  from  white  paper,  and  linen 
after  having  been  expofed  for  a time  to  the  fun's  light,  feem 
to  produce  either  the  phofphoric  or  fome  other  kind  of  acid 
from  the  fulphurous  or  phlogiftic  matter  which  they  contain. 
See  note  on  Beccari’s  fliells,  1.  182. 

There  is  another  procefs  feems  fimilar  to  this  flow  com- 
buftion,  and  that  is  Ileaching.  By  the  warmth  and  light  of 
the  fun  the  water  fprinkled  upon  linen  or  cotton  cloth  feems 
to  be  decompofed,  (if  we  credit  the  theory  of  M.  Lavoifier,) 
and  a part  of  the  vital  air  thus  fet  at  liberty  and  unconi- 
bined,  and  not  being  in  itselaftic  form,  more  eafily  diflTolves 
the  colouring  or  phlogiflic  matter  of  the  cloth,  and  produces 
a new  acid,  which  is  itfelf  colourlefs,  or  is  waflied  out  of  the 
cloth  by  water.  The  new  procefs  of  bleaching  confirms  a 
part  of  this  theory,  for  by  uniting  much  vital  air  to  marine 
acid  by  diflilling  it  from  manganefe,  on  dipping  the  cloth 
to  be  bleached  in  water  replete  with  this  fuperaerated  ma- 
rine acid,  the  colouring  matter  difappears  immediately, 
fooner  indeed  in  cotton  than  in  linen.  See  note  XXXIV. 

1 here  is  another  procels  which  I fufpecl  bears  analogy  to 
thtfe  above  mentioned,  and  that  is  the  ranciditv  of  animal 
• fat,  as  of  bacon;  it  bacon  be  hung  up  in  a warm  kitchen, 
with  much  fait  adhering  on  the  outfide  ot  it,  the  fat  part  of 


Not£  XI. 


STEAM-ENGINE. 


281 


it  foon  beco<)ies  yellow  and  rancid ; if  it  be  wafhed  with 
much  cold  water  after  it  has  imbibed  the  fait,  and  juft  be- 
fore it  is  hung  up,  I am  well  informed,  that  it  will  not  be- 
come rancid,  or  in  very  flight  degrees.  In  the  former  cafe  I 
im;it^ine  the  fait  on  the  furface  of  the  bacon  attradis  water 
during  the  cold  of  the  night,  which  is  evaporated  during  the 
day,  and  that  in  this  evaporation  a part  of  the  water  becomes 
decompofed,  as  in  bleaching,  and  its  vital  air  uniting  with 
greater  facility  in  its  unelaftic  ftate  with  the  animal  fat,  pro- 
duces an  acid,  perhaps  of  the  phofphoric  kind,  which  being 
of  a fixed  nature  lies  upon  the  bacon,  giving  it  the  yellow 
colour  and  rancid  tafle.  It  is  remarkable  that  the  fuperae- 
rated  marine  acid  does  not  bleach  living  animal  fubftances, 
at  leaft  it  did  not  whiten  a part  of  my  hand  which  I for  fom« 
minutes  expofed  to  it. 


NOTE  XI.— STEAM-ENGINE. 

Quick  moves  the  halanced  learn,  of  giant-birth, 

Wields  his  large  limbs,  and  nodding  fhakes  the  earth. 

Canto  I.  1. 361. 

The  expanfive  force  of  fteam  was  known  in  fome  degree 
to  the  antients;  Hero  of  Alexandria  deferibes  an  application 
of  it  to  produce  a rotative  motion  by  the  re-a6lion  of  fteam 
ilfuing  from  a fphere  mounted  upon  an  axis,  through  two 
fmall  tubes  bent  into  tangents,  and  ilfuing  from  theoppofite 
fidesof  the  equatorial  diameter  of  the  fphere,  the  fphere  was 
lupplied  with  fteam  by  a pipe  communicating  with  a pan  of 
boiling  water,  and  entering  the  fphere  at  one  of  its  poles. 

A French  writer  about  the  year  1G30  deferibes  a method 
of  raifing  water  to  the  upper  part  of  a houfe  by  filling  a 
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chamber  with  fleam,  and  fufFering  it  to  conclenfe  of  itfelf, 
but  it  feems  to  have  been  mere  theory,  as  his  method  w’as 
fcarcelv  pra6licable  as  he  defcribes  it.  In  1635  the  Mar- 
quis of  Worcefler  mentions  a method  of  raifing  water  by 
fire  in  his  Century  of  Inventions,  but  he  feems  only  to  have 
availed  himfelf  of  the  expanfive  force  and  not  to  have  known 
the  advantages  arifmg  from  conden'^ng  the  fleam  by  an  in- 
jedion  of  cold  water.  This  latter  and  moft  important  im- 
provement feems  to  have  been  made  by  Capt.  Savery  fome 
time  prior  to  1698,  for  in  that  year  his  patent  for  the  ufe  of 
that  invention  was  confirmed  by  a£l  of  parliament.  This 
gentleman  appears  to  have  been  the  firfl  who  reduced  the 
machine  to  practice,  and  exhibited  it  in  an  ufeful  form. 
This  method  confifled  only  in  expelling  the  air  from  a vef- 
fel  by  fleam,  and  condenhng  the  fleam  by  an  injedion  of 
cold  water,  which  making  a vacuum,  the  prcfTure  of  the 
atmofphere  forced  the  water  to  afcend  into  the  fleam 
veffel  through  a pipe  of  24  to  26  feet  high,  and  by  the 
admiflion  of  denfe  fleam  from  the  boiler,  forcing  the 
water  in  the  fteam-veflel  to  afcend  to  the  height  defircd. 
This  conflrudion  was  defedive,  becaufe  it  required  very 
ftrontf-  veffels  to  refift  the  force  of  the  fleam,  and  becaufe  an 
enormous  quantity  of  fleam  was  condenfed  by  coming  in 
contad  with  the  cold  water  in  the  fleam-veflcl. 

About,  or  foon  after  that  time,  M.  Papin  attempted  a 
fteam-encine  on  fimilar  principles,  but  rather  more  defec- 
tive in  its  conflrudion. 

The  next  improvement  was  made  very  foon  afterwards  by 
MeflVs.  Newcomen  and  Cawley  of  Dartmouth;  it  confifled  in 
employing  for  the  fleam  veffel  a hollow  cylinder  fhut  at  bot- 
tom and  open  at  top,  furniflred  with  a piflon  Hiding  eafdy  up 
and  down  in  it,  and  made  tight  by  oakum  or  hemp,  and 
covered  with  water.  7'his  piflon  is  fufpended  by  chains 
from' one  end  of  a beam,  moveable  upon  an  axis  in  the 
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middle  of  its  lengthy  to  the  other  end  of  this  beim  ire  fuf* 
pended  the  pump-rods. 

The  danger  of  burlVmg  the  veflels  was  avoided  in  this  ma- 
chine, as  however  high  the  water  was  to  be  ralfed  it  was  not 
neceffary  to  increafe  the  dcnfity  of  the  fteam,  but  only  to  en- 
large the  diameter  of  the  cylinder. 

Another  advantage  was,  that  the  cylinder  not  being  made 
fo  cold  as  in  Savery’s  method,  much  lefs  fteam  was  loft  in 
filling  it  after  each  condenfation. 

The  machine  however  ftill  remained  imperfedl,  for  the 
cold  water  thrown  into  the  cylinder  acquired  heat  from  the 
fteam  it  condenfed,  and  being  in  a veflel  exhaufted  of  air  it 
produced  fteam  itfelf,  which  in  part  refifted  the  aaion  of  the 
atmofphere  on  the  pifton;  were  this  remedied  by  throwing 
in  more  cold  water,  the  deftrudion  of  fteam  in  the  next 
filling  of  the  cylinder  would  be  proportionally  increafed.  It 
has  therefore  in  praiflice  been  found  advisable  not  to  load 
thefe  engines  with  columns  of  w'ater  weighing  more  than 
feven  pounds  for  each  fquare  inch  of  the  area  of  the  pifton. 
The  bulk  of  water,  when  converted  into  fteam,  remained 
unknown  until  Mr.  J.  Watt,  then  of  Glafgow,  in  17^4,  dcr' 
termined  it  to  be  about  1800  times  more  rare  than  water. 
It  foon  occurred  to  Mr.  Watt  that  a perfed  engine  would  b« 
that  in  which  no  fteam  ftiould  be  condenfed  in  filling  the 
cylinder,  and  in  w hich  the  fteam  fhould  be  fo  perfc(5tly  cooled 
as  to  produce  nearly  a perfe6t  vacuum. 

Mr.  Watt  having  afeertained  the  degree  of  heat  in  which 
water  boiled  in  vacuo,  and  under  progreflive  degrees  of  pref- 
fure,  and  Inftrufled  by  Dr.  Black’s  difeovery  of  latent  heat, 
having  calculated  the  quantity  of  cold  water  neceftary  to 
condenfe  certain  quantities  of  fteam,  fo  far  as  to  produce  the 
exhauftion  requiicd,  he  made  a communication  from  the 
cylinder  to  a cold  veflel  previoufly  exhaufted  of  air  and  w ater, 
into-whlch  the  fteam  rulhed  by  its  elafticlty,  and  became 


t84 


STEAM-ENGIN£. 


^^OTfi  XI. 


immediately  condenfed.  He  then  adapted  a cover  to 
the  cylinder,  and  admitted  fleam  above  the  pifton  to  prefs 
it  down  inftead  of  air^  and  inftead  of  applying  water  he  ufed 
oil  or  greafe  to  fill  the  pores  of  the  oakum,  and  to  lubricate 
the  cylinder. 

He  next  applied  a pump  to  cxtradl  the  injefiion  watef, 
the  condenfed  fleam,  and  the  air,  from  the  condenfmg  veflel, 
every  flroke  of  the  engine. 

To  prevent  the  cooling  of  the  cylinder  by  the  contact  of 
the  external  air,  he  furrounded  it  with  a cafe  containing 
fleam,  which  he  again  protefied  by  a covering  of  matters 
which  conduft  heat  flowly. 

This  conflruftion  prefented  an  eafy  hieans  of  regulating 
the  power  of  the  engine,  for  the  fleam  being  the  afting 
power,  as  the  pipe  which  admits  it  from  the  boiler  is  more 
or  lefs  opened,  a greater  or  fmaller  quantity  can  enter  during 
the  time  of  a flroke,  and  confequently  the  engine  can  a6b 
w’ith  exa(9;ly  the  neceflary  degree  of  energy. 

Mr.  Watt  gained  a patent  for  his  engine  in  1768,  but 
the  further  profecution  of  his  defigns  were  delayed  by  other 
avocations  till  1775,  wdien  in  conjun£lion  with  Mr.  Boulton, 
of  Soho,  near  Birmingham,  numerous  experiments  were 
made  on  a large  fcale  by  their  united  ingenuity,  and  great 
improvements  added  to  the  machinery,  and  an  aft  of  par- 
liament obtained  for  the  prolongation  of  their  patent  for 
twenty-five  years;  they  have  flnee  that  time  drained  many 
of  the  deep  mines  in  Cornwall,  which,  but  for  the  happy 
union  of  fuch  genius,  muft  immediately  have  ceafed  to 
work.  One  of  thefe  engines  works  a pump  of  eighteen 

inches  diameter,  and  upwards  of  a 100  fathom  or  600  feet 
« 

high,  at  the  rate  of  ten  to  twelve  flrokes  of  feven  feet  long 
each,  in  a minute,  and  that.with  one  fifth  part  of  the  coals 
which  a common  engine  w’ould  have  taken  to  do  the  fame 
work.  The  power  of  this  engine  may  be  eafler  compre- 
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bended  by  faying  that  it  raifed  a weight  equal  to  81,000 
pounds  80  feet  high  in  a minute,  which  is  equal  to  the 
combined  a£lion  of  200  good  horfes.  In  Newcomen’s 
engine  this  would  have  required  a cylinder  of  the  enormous 
diameter  of  120  inches,  or  ten  feet;  but  as  in  this  engine  of 
Mr. Watt  and  Mr.  Boulton  the  fteam  a£ls,  and  a vacuum 
is  made,  alternately  above  and  below  the  pifton,  the  power 
exerted  is  double  to  what  the  fame  cylinder  would  otherways 
produce,  and  is  further  augmented  by  an  inequality  in  the 
length  of  the  two  ends  of  the  lever. 

Thefe  gentlemen  have  alfo,  .by  other  contrivances,  ap- 
plied their  engines  to  the  turning  of  mills  for  almoft  every 
purpofe,  of  which  that  great  pile  of  machinery,  the  Albion 
Mill,  is  a well  known  inftance.  Forges,  flitting  mills,  and 
other  great  works  are  creeled  where  nature  has  furnifhed  no 
running  water,  and  future  times  may  boaft  that  this  grand- 
and  ufeful  engine  was  invented  and  perfeded  in  our  own 
country, 

Since  the  above  article  went  to  the  prefs,  the  Albion 
Mill  is  no  more ; it  is  fuppofed  to  have  been  fet  on  fire  by 
interefted  or  malicious  incendiaries,  and  is  burnt  to  the 
ground.  Whence  London  has  loft  the  credit  and  the  ad-^ 
vantage  of  pofleffing  the  moft  powerful  machine  in  the 
world  ! 


\ 

NOTE  XII.— FROST, 

In  phalanx  firm  the  fiend  of  Frojl  ajfail. 

Canto  I.  1.439. 

The  caufc  of  the  expanfion  of  water  during  its  conver- 
fion  into  ic«  is  not  yet  well  afeertained  j it  was  fuppofed  to 
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have  been  owing  to  the  air  being  fet  at  liberty  in  the  a6l  of 
congelation,  which  was  before  diflblved  in  the  w'ater,  and 
the  many  air  bubbles  in  ice  were  thought  to  countenance 
this  opinion.  But  the  great  force  with  which  ice  expands 
during  its  congelation,  fo  as  to  burft  iron  bombs  and  coe- 
horns,  according  to  the  experiments  of  Major  Williams 
at  Quebec,  invalidates  this  idea  of  the  caufe  of  it,  and  may 
fome  time  be  brought  into  ufe  as  a means  of  breaking  rocks 
in  mining,  or  projeAing  cannon-balls,  or  for  other  mecha- 
nical purpofes,  if  the  means  of  producing  congelation  (hould 
ever  be  difeovered  to  be  as  eafy  as  the  means  of  producing 
combuftion. 

Mr.  de  Mairan  attributes  the  mcreafe  of  bulk  of  frozen 
water  to  the  different  arrangement  of  the  particles  of  it  in 
cryftallization,  as  they  are  conftantly  joined  at  an  angle  of 
60  degrees;  and  muft  by  this  difpofition  he  thinks  occupy 
a greater  volume  than  if  they  were  parallel.  He  found  the 
augmentation  of  the  water  during  freezing  to  amount  to  one- 
fourteenth,  one-eighteenth,  one-nineteenth,  and  when  the 
water  was  previoufly  purged  of  air  to  only  one-twenty-fecond 
part.  He  adds  that  a piece  of  ice,  which  was  at  firft  only 
one-fourteenth  part  fpecifically  lighter  than  water,  on  being 
expofed  fome  days  to  the  frolt  became  one- twelfth  lighter 
than  water.  Hence  he  thinks  ice  by  being  expofed  to 
greater  cold  ftill  increafes  in  volume,  and  to  this  attributes 
the  burning  of  ice  in  ponds  and  on  the  glaciers.  See  Lewis’s 
Commerce  of  Arts,  p.2o7j  and  the  note  on  Mufehus  in  the 
fecond  part  of  this  work, 

This  expanfion  of  ice  well  accounts  for  the  greater  mlfchicf 
done  by  vernal  frofts  attended  with  moifturc,  (as  by  hoar- 
frofts,)  than  by  the  dry  frofls  called  black  frofts.  Mr.  Law- 
rence in  a letter  to  Mr.  Bradley  complains  that  the  dale-mift 
attended  with  a frofl  on  May-day  had  deftroyed  all  his  ten- 
der  fruits;  though  there  was  a,  froU  the  night  before 
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without  a mlftj  that  did  him  no  injuryj  and  adds  that  a gar- 
den not  a ftones  throw  from  his  own  on  a higher  fituationj 
being  above  the  dalc-miftj  had  received  no  damage.  Bradley  j 
Vol.  II.  p.  232. 

Mr.  Hunter  bv  very  curious  experiments  difeovered  that 
the  living  principle  in  fith,  in  vegetables,  and  even  in  eggs 
and  feeds,  poflefTes  a power  of  refilling  congelation.  Phil. 
Tranf.  There  can  be  no  doubt  but  that  the  exertions  of 
animals  to  avoid  the  pain  of  cold  may  produce  in  them  a 
greater  quantity  of  heat,  at  leaft  for  a time,  but  that  vegeta- 
bles, eggs,  or  feeds,  Ihould  polTefs  fuch  a quality  is  truly 
wonderful.  Others  have  imagined  that  animals  polTefs  a 
power  of  preventing  themfelves  from  becoming  much  war- 
mer than  98  degrees  of  heat,  wbenimmerfed  in  an  atmofphere 
above  that  degree  of  heat.  It  is  true  that  the  increafed  ex- 
halation from  their  bodies  will  in  fome  meafure  cool  them, 
as  much  heat  is  carried  olF  by  the  evaporation  of  fluids,  but 
this  is  a chemical  not  an  animal  procefs.  The  experiments 
made  by  thofe  who  continued  many  minutes  in  the  air  of  a 
room  heated  fo  much  above  any  natural  atmofpheric  heat, 
do  not  feem  conclufive,  as  they  remained  in  it  a lefs  time 
than  would  have  been  necelfary  to  h^ive  heated  a mafs  of 
beef  of  the  fame  magnitude,  and  the  circulation  of  the  blood 
in  living  animals,  by  perpetually  bringing  new  fupplies  of 
fluid  to  the  Ikin,  would  prevent  the  external  furface  from 
becoming  hot  much  fooner  than  the  whole  mafs,  And 
thirdly,  there  appears  no  power  of  animal  bodies  to  produce' 
cold  in  difeafes,  as  in  fcaHet  fever,  in  which  the  increafed  ac- 
tion of  the  velfcls  of  the  Ikin  produces  heat  and  contributes 
to  exhaull  the  animal  power  already  too  much  weakened. 

It  has  been  thought,  by  many  that  frolls  meliorate  the 
ground,  and  that  they  are  in  general  falubrious  to  mankind. 
In  refpe£l  to  the  former  it  is  now  well  known  that  ice  or 
fuow  contain  no  nitrous  particles,  and  though  froft  by  en- 
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larging  the  bulk  of  nioift  clay  leaves  it  fofter  for  a time  after 
the  thaw,  yet  as  foon  as  the  water  exhales,  the  clay  becomes 
as  hard  as  before,  being  prelTed  together  by  the  incumbent 
atmofphere,  and  by  its  felf-attra£lion,  called  Jetting  by  the 
potters.  Add  to  this  that  on  the  coafls  of  Africa,  where 
froft  is  unknown,  the  fertility  of  the  foil  is  almoft  beyond 
our  conceptions  of  it.  In  refpeft  to  the  general  falubrity  of 
frofty  feafons  the  bills  of  mortality  are  an  evidence  in  the  ne- 
gative, as  in  long  frofts  many  weakly  and  old  people  perilh 
from  debility  occafioned  by  the  cold,  and  many  clalTcs  of 
birds  and  other  wild  animals  are  benumbed  by  the  cold  or 
deftroyed  by  the  confequent  fcarclty  of  food,  and  many  ten- 
der vegetables  perifh  from  the  degree  of  cold. 

I do  not  think  it  fliould  be  objefted  to  this  doflrine 
that  there  are  moil!  days  attended  with  a brilk  cold  wind 
when  no  vifible  ice  appears,  and  which  are  yet  more  dif- 
agreeable  and  deftrudive  than  frofty  weather.  For  on 
thefe  days  the  cold  moifture,  which  is  depofited  on  the  fkin 
is  there  evaporated,  and  thus  produces  a degree  of  cold  per- 
haps greater  than  the  milder  frofts.  Whence  even  in  fuch 
days  both  the  difagreeable  fenfatlons  and  infalnbrious  effc6Is 
belong  to  the  caufe  above  mentioned,  viz.  the  intenfitv  of 
the  cold.  Add  to  this  that  in  thefe  cold  moift  days,  as  we 
pafs  along  or  as  the  wind  blows  upon  us,  a new  flieet  of  cold 
water  is  as  it  were  perpetually  applied  to  us  and  hangs  upon 
our  bodies  ; now  as  water  is  800  times  denfer  than  air  and 
is  a much  better  condu6ior  of  heat,  we  are  ftarved  with  cold 
like  thofe  who  go  into  a cold  bath,  both  by  the  great  num- 
ber of  particles  in  contaft  with  the  Ikin  and  their  greater 
facility  of  receiving  our  heat. 

It  may  nevcrthelefs  be  true  that  fnowsof  long  duration  in 
OUT  winters  may  be  lels  Injurious  to  vegetation  than  great 
rains  and  fhorter  frofts,  for  two  rcafons.  i.  Bccaufe  (Treat 
rains  carry  down  many  thoufand  pounds  worth  of  the  beft 
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pan  of  the  manure  off  the  lands  into  the  fea,  whereas  fnow 
dlffolves  more  gradually  and  thence  carries  away  lefs  from 
the  land  j any  one  may  diftinguifh  a fnow-flood  from  a rain- 
flood  by  the  tranfparency  of  the  water.  Hence  hills  or  fieldi 
with  confidcrable  inclination  of  furface  fliould  be  ploughed 
horizontally  that  the  furrows  may  flay  the  water  from 
Ihowers  till  it  depoflts  its  mud.  2.  Snow  prote£ls  vegeta- 
bles from  the  feverity  of  the  frofl,  flnce  it  is  always  in  a flate 
of  thaw  where  it  is  in  contaft  with  the  earth ; as  the  earth’s 
heat  is  about  48°  and  the  heat  of  thavvina:  fnow  is  32°  the 
vegetables  between  them  are  kept  in  a degree  of  heat  about 
40,  by  which  many  of  them  are  preferved.  See  note  on 
Mufchus,  Vol.  II.  of  this  work. 
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NOTE  XIII.—ELECTRICITY. 

Cold  from  each  point  cerulean  luftres  gleam. 

Canto  1. 1.  339* 

ELECTRIC  POINTS. 

There  was  an  idle  difpute  whether  knobs  or  points 
were  preferable  on  the  top  of  condu6lors  for  the  defence  of 
houfes.  The  defign  of  thefe  condu6tors  is  to  permit  the 
ele<5lric  matter  accumulated  in  the  clouds  to  pafs  through 
them  into  the  earth  in  a fmaller  continued  flream  as  the  cloud 
approaches,  before  it  comes  to  what  is  termed  flriking  dif- 
tance;  now  as  it  is  well  known  that  accumulated  eleftricity 
will  pafs  to  points  at  a much  greater  diflance  than  it  will  to 
knobs,  there  can  be  no  doubt  of  their  preference ; and  it 
would  feena  that  the  finer  the  points,  and  the  lefs  liable  to 
become  rufty  the  better,  as  it  would  take  off  the  lightning 
while  it  was  flill  at  a greater  diflance,  and  by  that  means 
preferve  a greater  extent  of  building ; the  very  extremity  of 
Vol.  I.’  U 
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the  point  fliould  be  of  pure  filver  or  gold,  and  might  be 
branched  into  a kind  of  brufh,  fince  one  fmall  point  cannot 
be  fuppofed  to  receive  fo  great  a quantity  as  a thicker  bar 
might  condu6t  into  the  earih. 

If  an  infulated  metallic  ball  is  armed  with  a point,  like  a 
needle,  projeiSting  from  one  part  of  it,  the  elecSlric  fluid  will 
be  feen  in  the  dark  to  pafs  off  from  this  point,  fo  long  as  the 
ball  is  kept  fupplied  with  ele6lricity.  The  reafon  of  this  is 
not  difficult  to  comprehend ; every  part  of  the  eleftric  atmof- 
phere  which  furrounds  the  infulated  ball  is  attrafted  to  that 
ball  by  a large  furfacc  of  it,  whereas  the  eledtric  atmofphere 
which  is  near  the  extremity  of  the  needle  isattradled  to  it  only 
by  afingle  point,  in  confequence  the  particles  of  eleflric  mat- 
ter near  the  furface  of  the  ball  approach  towards  it  and  puffe 
off  by  their  greater  gravitation  the  particles  of  eleftric 
matter  over  the  point  of  the  needle  in  a continued  flream. 

Something  like  this  happens  in  refpefl  to  the  diffufion  of 
oil  on  water  from  a pointed  cork,  an  experiment  which  was 
many  years  ago  fliewn  me  by  Dr.  Franklin ; he  cut  a piece 
of  cork  about  the  fize  of  a letter-wafer  and  left  on  one  edge 
of  it  a point  about  a fixth  of  an  Inch  In  length  projedling  as 
a tangent  to  the  circumference.  This  was  dipped  in  oil  and 
thrown  on  a pond  of  water  and  continued  to  revolve  as  the 
oil  left  the  point  for  a great  many  minutes.  The  oil  defeends 
from  the  floating  cork  upon  the  w'atcr  being  diffufed  upon  it 
without  fridion  and  perhaps  without  contad;  but  its  going 
off  at  the  point  fo  forcibly  as  to  make  that  cork  revolve  in  a 
contrary  diredion  feems  analogous  to  the  depaifture  of  the 
cledric  fluid  from  points. 

Can  any  thing  fimilar  to  either  of  thefc  happen  in  refped 
to  the  earth’s  atmofphere,  and  give  occafion  to  the  breezes 
on  the  tops  of  mountains,  which  may  be  confider td  as  points 
on  the  earth’s  circumference  ? 
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FAIRY-RINGS, 

There  is  a phenomenon  fuppofecl  to  he  ele£lric  xv’hich  is 
yet  unaccounted  for,  I mean  the  Fairy-rings,  as  they  are 
called,  fo  often  feen  on  the  grafs.  The  numerous  flafhes  of 
lightning  which  occur  every  fummer  are,  I believe,  generally 
difeharged  on  the  earth,  and  but  feldom  (if  ever)  from  one 
cloud  to  another.  Moill  trees  are  the  moft  frequent  conduc- 
tors of  thefe  flafhes  of  lightning,  and  I am  informed  by  pur- 
chafers  of  wood  that  innumerable  trees  are  thus  cracked  and 
injured.  At  other  times  larger  parts  or  prominences  of  clouds 
gradually  finking  as  they  move  along,  are  difeharged  on  the 
nioiftcr  parts  of  grafly  plains.  Now  this  knob  or  corner  of 
a cloud  in  being  attraded  by  the  earth  will  become  nearly 
cylindrical,  as  loofe  wool  would  do  when  drawn  out  into  a 
thread,  and  will  ftrike  the  earth  with  a ftream  of  elcftricity 
perhaps  two  or  ten  yards  in  diameter.  Now,  as  a flream  of 
eleftricity  difplaccs  the  air  it  pafles  through,  it  is  plain  no 
part  of  the  grafs  can  be  burnt  by  it,  but  jufl:  the  external 
ring  of  this  cylinder  where  the  grafs  can  have  excefs  to  the 
air,  fince  without  air  nothing  can  be  calcined.  This  earth 
after  having  been  fo  calcined  becomes  a richer  foil,  and  either 
fungufes  or  a bluer  grafs  for  many  years  mark  the  place. 
That  lightning  difplaces  the  air  in  its  paflTage  is  evinced  by 
the  loud  crack  that  fucceeds  it,  which  is  owing  to  the  i des 
of  the  aerial  vacuum  clapping  together  when  the  lightning  is 
withdrawn.  That  nothing  will  calcine  without  air  is  now 
well  underftood  from  the  acids  produced  in  the  burning  of 
phlogillic  fubftances,  and  may  be  agreeably  feen  by  fufpend.- 
ing  a paper  on  an  iron  prong  and  putting  it  into  the  centre 
of  the  blaze  of  an  iron  furnace ; it  may  be  held  there  fame 
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fcconds  and  may  be  again  withdrawn  without  its  being  burnt, 
if  it  be  pafTed  quickly  into  the  flame  and  out  again  through 
the  external  part  of  it  which  is  in  conta£t  with  the  air.  I 
know  fome  circles  of  many  yards  diameter  of  this  kind  near 
Foremark  in  Derbylhire,  which  annually  produce  large  white 
fungufes  and  ftronger  grafs,  and  have  done  fo,  I am  inform- 
ed, above  thirty  years.  This  increafed  fertility  of  the  ground 
by  calcination  or  charring,  and  its  continuing  to  operate  fo 
many  years,  is  well  worth  the  attention  of  the  farmer,  and 
fhews  theufe  of  paring  and  burning  new  turf  in  agriculture, 
which  produces  its  eftedl  not  fo  much  by  the  alhes  of  the 
vegetable  fibres  as  by  charring  the  foil  which  adheres  to 
them. 

Thefc  fituatlons,  whether  from  eminence  or  from  molf- 
ture,  which  were  proper  once  to  attract  and  difeharge  a 
thunder-cloud,  are  more  liable  again  to  experience  the  fame. 
Hence  many  fairy-rings  are  often  feen  near  each  other 
either  without  interfedting  each  other,  as  I faw  this  fummer 
in  a garden  in  Nottinghamflhre,  or  interfedling  each  other 
as  deferibed  on  Arthur’s  feat  near  Edinburgh  in  the  Edinb. 
Tranf.  Vol.  II.  p.  3. 


NOTE  XIV.— BUDS  AND  BULBS. 

Where  dwell  my  vegetative  realms  lenuml'd 
hi  buds  impri/on^df  or  in  bulbs  intomb' d. 

Canto  I.  1.  459. 

A TREE  is  properly  fpeaking  a family  or  fw^arm  of  buds, 
each  bud  being  an  individual  plant,  for  If  one  of  thefe  buds 
be  torn  or  cut  out  and  planted  in  the  earth  with  a glafs  cup 
inverted  over  it  to  prevent  its  exhalation  from  being  at 
firft  greater  than  its  pow'er  of  abforption,  it  will  produce 
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a tree  funilar  to  its  parent : each  bud  has  a leaf,  which  is 
its  lungs,  appropriated  to  it,  and  the  bark  of  the  tree  is  a 
congeries  of  the  roots  of  thefe  individual  buds,  whence  old 
hollow  trees  are  often  feen  to  have  fome  branches  fiourlfh 
with  vigour  after  the  internal  wood  is  almofl;  entirely  decayed 
and  vaniflied.  According  to  this  ideaLinneus  has  obferved 
that  trees  and  (hrubs  are  roots  above  ground,  for  if  a tree  be 
inverted  leaves  will  grow  from  the  root-part  and  roots  from 
the  trunk-part.  Phil.  Bot.  p.  3Q.  Hence  it  appears  that 
vegetables  have  two  methods  of  propagating  themfelves,  the 
the  oviparous  as  by  feeds,  and  the  viviparous  as  by  their 
buds  and  bulbs,  and  that  the  individual  plants,  whether 
from  feeds  or  buds  or  bulbs,  are  all  annual  produdlions  like 
many  kinds  of  infedls,  as  the  filk-w'orm,  the  parent  perirtnng 
in  the  autumn  after  having  produced  an  embryon,  which 
lies  in  a torpid  ftate  during  the  winter,  and  is  matured  in  tlic 
fucceeding  fummer.  Hence  Linneus  names  buds  and  bulbs 
the  winter-cradles  of  the  plant  or  hybernacula,  and  might 
have  given  the  fame  term  to  feeds.  In  warm  climates  few 
plants  produce  buds,  as  the  vegetable  life  can  be  completed 
Ml  one  fummer,  and  hence  the  hybernacle  is  not  wanted ; 
in  cold  climates  alfo  fome  plants  do  not  produce  buds,  as 
philadclphus,  frangula,  viburnum,  ivy,  heath,  wood-night- 
fhade,  rue,  geranium. 

• The  bulbs  of  plants  arc  another  kind  of  winter-cradle, 
or  hybernacle,  adhering  to  the  defeending  trunk,  and  are 
found  in  the  perennial  herbaceous  plants  which  are  too 
tender  to  bear  the  cold  of  the  winter.  The  production  of 
thefe  fubterraneous  winter  lodges,  is  not  yet  perhaps  clearly 
underltood;  they  have  been  diftributed  by  Linneus  accord- 
ing to  their  forms  into  fcaly,  folid,  coated,  and  jointed  bulbs, 
which  however  does  not  elucidate  their  manner  of  produc- 
tion. As  the  buds  of  trees  may  be  truly  efleemed  individual 
annual  plants,  .their  roots  conftituting  the  bark  of  the  trees, 
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it  follows  that  thefe  roots  (viz.  of  each  individual  bud)  fpread 
themfclves  over  the  laft  year’s  bark,  making  a new  bark  over 
the  old  one,  and  thence  defcending  cover  with  a new  bark 
the  old  roots  alfo  in  the  fame  manner.  A fimilar  circum- 
ftance  1 fuppofe  to  happen  in  fome  herbaceous  plants,  that 
is,  a new  bark  is  annually  produced  over  the  old  root,  and 
thus  for  fome  years  at  lead  the  old  root  or  caudex  increafes 
in  fize,  and  puts  up  new  flems.  As  thefe  roots  increafe  in 
fize  the  central  part  I fuppofe  changes  like  the  internal  wood 
of  a tree  and  does  not  poflefs  any  vegetable  life,  and  there- 
fore gives  out  no  fibres  or  rootlets  and  hence  appears  bitten 
oil,  as  in  valerian,  plantain,  and  devil’s-bit.  And  this  decay 
of  the  central  part  of  the  root  I fuppofe  has  given  occafion 
to  the  belief  of  the  root-fibres  drawing  down  the  bulb,  fo 
much  infilled  on  by  Mr.  Milne  in  his  Botanical  Dldlionary, 
Art  Bulb. 

From  the  obfcn’ations  and  drawings  of  various  kinds  of 
bulbous  roots  at  different  tunes  of  their  growth,  fent  me  by 
a young  lady  of  nice  obfervation,  it  appears  probable  that  all 
bulbous  roots  properly  fo  called  perifh  annually  in  this  cli- 
mate; Bradley,  Miller,  and  the  author  of  Spedlacle  de  la 
Nature,  obferve  that  the  tulip  annually  renews  its  bulb,  for 
the  ftalk  of  the  old  flow'er  is  found  under  the  old  dry  coat 
but  on  the  outfide  of  the  new  bulb.  This  large  new  bulb 
is  the  flowering  bulb,  but  betides  this  there  are  other  fmall 
new  bulbs  produced  betw'cen  the  coats  of  this  large  one  but 
from  the  fame  caudex,  (or  circle  from  which  the  root-fibres 
fpring;)  thefe  fmall  bulbs  are  leaf-bearing  bulbs,  and  renew 
themfelves  annually  with  increaflng  fize  till  they  bear  flowers. 

favoured  me  with  the  following  curious  expe- 
riment : She  took  a fmall  tulip- root  out  of  the  earth  when 
the  green  leaves  wxre  fufficiently  high  to  fliew'  the  flower, 
and  placed  it  in  aglafs  of  water;  the  leaves  and  flower  foon 
withered  and  the  bulb  became  wrinkled  and  foft,  but  put 
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out  one  fmall  fide  bulb  and  three  bulbs  beneath  defcendlng 
an  inch  into  the  water  by  proceffes  from  the  caudex,  the 
old  bulb  in  fome  weeks  entirely  decayed;  on  differing  this 
monfter,  the  middle  defcendlng  bulb  was  found  by  its  pro- 
cefs  to  adhere  to  the  caudex  and  to  the  old  flower-llem, 
and  the  fide  ones  were  fcparated  from  the  flower- (lem  by  a few 
fhrivelled  coats  but  adhered  to  the  caudex.  Whence  Ihe  con- 
cludes that  thefe  lafl:  were  ofF-fets  or  leaf-bulbs  which  fliould 
have  been  feen  between  the  coals  of  the  new  flower-bulb  if 
it  had  been  left  to  grow  in  the  earth,  and  that  the  middle 
one  would  have  been  the  new  flower-bulb.  In  fome  years 
(perhaps  in  wet  feafons)  the  florifls  are  faid  to  lofe  many 
of  their  tulip-roots  by  a flmilar  procefs,  the  new  leaf-bulbs 
being  produced  beneath  the  old  ones  by  an  elongation  of  the 
caudex  without  any  new  flower-bulbs. 

By  repeated  dilTcftlons  fhe  obferves,  that  the  leaf-bulbs  or 
ofF-fets  of  tulip,  crocus,  gladiolus,  fritillary,  arc  renewed  in  the 
fame  manner  as  the  flowering-bulbs,  contrary  to  the  opi- 
nion of  many  writers;  this  new  leaf  bulb  is  formed  on  the 
infide  of  the  coats  from  whence  the  leaves  grow,  and  is  more 
or  lefs  advanced  in  flze  as  the  outer  coats  and  leaves  are 
more  or  lefs  flrrivelled.  In  examining  tulip,  iris,  hyacinth, 
hare-bell,  the  new  bulb  was  invariably  found  between  the 
flower- ftem  and  the  bafe  of  the  innermofl  leaf  of  thofe  roots 
which  had  flowered,  and  enclofed  hy  the  bafe  of  the  inner- 
mofl: leaf  in  thofe  roots  which  had  not  flowered,  in  both 
cafes  adhering  to  the  caudex  or  flefliy  circle  from  which  the 
root-fibres  fpring. 

Hence  it  is  probable  that  the  bulbs  of  hyacinths  are  re- 
newed annually,  but  that  this  is  performed  from  the  caudex 
within  the  old  bulb,  the  outer  coat  of  which  does  not  fo 
flirivel  as  in  crocus  and  frltillary,  and  hence  this  change 
is  not  fo  apparent.  But  I believe  as  foon  as  the  flower  is 
advanced  the  new  bulbs  may  be  feen  on  diflTe£l;ion,  nor 
docs  the  annual  increafe  of  the  flze  of  the  root  of  cyclamen 
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and  of  aletris  capenfis  militate  againfl:  this  annual  renewal 
of  them,  fince  the  leaf-bulbs  or  off-fets,  as  defcribed  above, 
are  increafed  in  fize  as  they  are  annually  renewed.  See 
note  on  orchis,  and  on  anthoxanihum,  in  Vol.  II.  of  this 
work. 


NOTE  XV.—SOLAR  VOLCANOES. 

From  the  deep  craters  of  his  realms  of  fire 
The  whirling  fun  this  ponderous  planet  hurl’d. 

Canto  II.  1.  14, 

Dr,  Alexander  Wilson,  Profeffor  of  Agronomy  at 
Glafgow,  publilhed  a paper  in  the  PhilofophicalTranfa£tion.s 
for  1774,  demonftrating  that  the  fpots  in  the  fun’s  difk  are 
real  cavities,  excavations  through  the  luminous  material 
which  covers  the  other  parts  of  the  fun’s  furface.  One  of 
thefe  cavities  he  found  to  be  about  4000  miles  deep  and 
many  times  as  wide.  t>ome  objedtions  were  made  to  this 
dodtrine  by  M.  De  la  Lande  in  the  Memoirs  of  the  French 
Academy  for  the  year  1776,  which  however  have  been  ably 
anfwered  by  Profeffor  Wilfon  in  reply  to  the  Philof.  Tranf, 
for  1 7 83,  Keil  obferves,  in  his  Aftronomical  Ledlures,  p.  44, 
*^We  frequently  fee  fpots  in  the  fun  which  are  larger  and 
broader  not  only  than  Europe  or  Africa,  but  which  even  equal, 
if  they  do  not  exceed,  the  furface  of  the  whole  terraqueous 
globe.”  Now  that  thefe  cavities  are  made  in  the  fun’s  bo- 
dy by  a procefs  of  nature  fimilar  to  our  earthquakes  does  not 
feem  improbable  on  feveral  accounts.  1.  Becaufefrom  this 
difcovery  of  Dr.  Wilfon  it  appears  that  the  internal  parts  of 
the  fun  are  not  in  a ftate  of  inflammation  or  of  cjedling  light, 
like  the  external  part  or  luminous  ocean  which  covers  it  3 
and  hence  that  a greater  degree  of  heat  or  inflammation 
and  confequent  expanfion  or  explofion  may  occaflonally  be 
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produced  in  its  internal  or  dark  nucleus.  2.  Becaule  the 
folar  fpots  or  cavities  are  frequently  increafed  or  dlminifhed 
in  fize.  3.  New  ones  are  often  produced.  4.  And  old 
ones  vanith.  5.  Becaufe  there  are  brighter  or  more  lumi- 
nous parts  of  the  fun’s  ditk,  called  faculce  by  Scheiner  and 
Hevelins,  which  would  fecm  to  be  volcanoes  in  the  fun,  or, 
as  Dr.  VVilfon  calls  them,  ‘^eructations  of  matter  more  lu- 
minous than  that  which  covers  the  fun’s  furface.”  6.  To 
which  may  be  added  that  all  the  planets  added  together 
with  their  fatellites  do  not  amount  to  more  than  one  hx 
hundred  and  fiftieth  part  of  the  mafs  of  the  fun  according 
to  Sir  Ifaac  Newton. 

Now  if  it  could  be  fuppofed  that  the  planets  were  origi- 
nally thrown  out  of  the  fun  by  larger  fun-quakes  than  ihofe 
frequent  ones  which  occafion  thefe  fpots  or  excavations 
above  mentioned,  what  would  happen?  1.  According  to  the 
obfervations  and  opinion  of  Mr.  Herfchel  the  fun  itfdf  and 
all  its  planets  are  moving  forwards  round  fome  other  centre 
with  an  unknown  velocity,  which  may  be  of  opake  matter 
correfponding  w'ith  the  very  antient  and  general  idea  of 
a chaos.  Whence  if  a ponderous  planet,  as  Saturn,  could 
be  fuppofed  to  be  projeded  from  the  fun  by  an  explo- 
fion,  the  motion  of  the  fun  itfelf  might  be  at  the  fame  time 
dihurbed  in  fuch  a manner  as  to  prevent  the  planet  from 
falling  again  into  it.  2,  As  the  fun  revolves  round  its  own 
axis  its  form  mufl  be  that  of  an  oblate  fpheroid  like  the  earth, 
«nd  therefore  a body  projedled  from  its  furface  perpendicu- 
larly upwards  from  that  furface  would  not  rife  perpendicu- 
larly from  the  fun’s  centre,  unlefs  it  happened  to  be  pro- 
jeded  exa6Uy  from  either  of  its  poles  or  from  its  equator. 
Whence  it  may  not  be  neceffary  that  a planet  if  thus  pro- 
je£led  from  the  fun  by  explofion  fhould  again  fall  into  the 
fun.  3,  They  would  part  from  the  fun’s  furface  with  the 
velocity  with  which  that  furface  was  moving,  and  with  the 
velocity  acquired  by  the  explofion,  and  would  therefore 
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move  round  the  fun  in  the  fame  diredlion  in  which  the  fun 
rotates  on  its  axis,  and  perform  elliptic  orbits.  4.  All  the 
planets  would  move  the  fame  way  round  the  fun,  from  this 
lirll  motion  acquired  at  leaving  its  furface,  but  their  orbits 
would  be  inclined  to  each  other  according  to  the  diftance  of 

O 

the  part  where  they  w'ere  thrown  out,  from  the  fun’s  equator. 
Hence  thole  which  were  ejected  near  the  fun’s  equator  w^ould 
have  orbits  but  little  inclined  to  each  other,  as  the  primary 
planets,  the  plane  of  all  whofe  orbits  are  inclined  but  feven 
degrees  and  a half  from  each  other.  Others  which  were  ejected 
near  the  fun’s  poles  would  have  much  more  eccentric  or- 
bits, as  they  would  partake  fo  much  lefs  of  the  fun’s  rota- 
tory motion  at  the  time  they  parted  from  his  furface,  and 
w^ould  therefore  be  carried  further  from  the  fun  by  the  velo- 
city they  had  gained  by  the  explofion  which  ejecSted  them, 
and  become  comets.  5.  They  would  all  obey  the  fame 
laws  of  motion  in  their  revolutions  round  the  fun;  this  had 
been  determined  by  aftronomers,  who  have  demonftrated 
that  they  move  through  equal  areas  in  equal  times.  6,  As 
their  annual  periods  would  depend  on  the  height  they  rofe 
by  the  explofion,  thefe  would  differ  in  them  all.  7.  As 
their  diurnal  revolutions  would  depend  on  one  fide  of  the 
exploded  matter  adhering  more^than  the  other  at  the  time  it 
was  torn  oft' by  the  explofion,  thefe  would  alfo  differ  in  the 
different  planets,  and  not  bear  any  proportion  to  their  an- 
nual periods.  Now  as  all  thefe  circumftances  coincide  with 
the  known  laws  of  the  planetary  fyftem,  they  ferve  to 
ftrengthen  this  conjedture. 

This  coincidence  of  fuch  a variety  of  circumftances  in- 
duced M.  de  Buffon  to  fuppofe  that  the  planets  were  all 
ftruck  off  from  the  fun’s  furface  by  the  impadl  of  a large 
comet,  fuch  as  approached  fo  near  the  fun’s  dlfk,  and  with 
fuch  amazing  velocity  in  the  year  1080,  and  is  expected  to 
return  in  2255.  But  Mr.  Buffon  did  not  rccollcift  that  thefe 
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comets  themfelves  are  only  planets  with  more  eccentric  or^ 
bits,  and  that  therefore  it  mall:  be  alked,  what  had  previ- 
oufly  ftruck  off  thefe  comets  from  the  fun's  body  ? 2.  1 hat  If 
all  thefe  planets  were  itruck  oB  from  the  fun  at  the  fame 
time,  they  mud.  have  been  fo  near  as  to  have  attracted  each 
other  and  have  formed  one  mafs.  3.  That  we  lhall  want 
new  caules  for  feparating  the  fecondary  planets  from  the 
primary  ones,  and  mull  therefore  look  out  for  fome  other 
agent,  as  it  does  not  appear  how  the  impulfe  of  a comet 
could  have  made  one  planet  roll  round  another  at  the  time 
thev  both  of  them  were  driven  oft'  from  the  furface  of  thp- 
fun. 

If  it  fhould  be  alked,  why  new  planets  are  not  frequently 
ejedled  from  the  fun  ? it  may  be  anfwered,  that  after  many 
large  earthquakes  many  vents  are  left  for  the  elaftic  vapours 
to  efcape,  and  hence,  by  the  prefent  appearance  of  the  furfacc 
of  our  earth,  earthquakes  prodigioufly  larger  than  any  re- 
corded in  hillory  have  exifted;  the  fame  circumftances  may 
have  affeifted  the  fun,  on  whofe  furface  there  are  appearances 
of  volcanoes,  as  deferibed  above.  Add  to  this,  that  fome 
of  the  comets,  and  even  the  georgium  fidus,  may,  for  aught 
we  know  to  the  contrary,  have  been  emitted  from  the  fun 
in  more  modern  days,  and  have  been  diverted  from  their 
courfe,  and  thus  prevented  from  returning  into  the  fun,  by 
their  approach  to  fome  of  the  older  planets,  which  is  fome-^ 
what  countenanced  by  the  opinion  feveral  philofophcrs  have 
maintained,  that  the  quantity  of  matter  of  the  fun  has  de- 
creafed.  Dr.  Halley  obferved,  that  by  comparing  the  pro- 
portion which  the  periodical  time  of  the  moon  bore  to  that 
of  the  fun  in  former  times,  with  the  proportion  between 
them  at  prefent,  the  moon  is  found  to  be  fomewhat  acce- 
lerated in  refpe6l  to  the  fun.  Pemberton's  View  of  Sir 
Ifaac  Newton,  p.  217.  And  fo  large  is  the  body  of  this 
mighty  luminary,  that  all  the  planets  thus  tlirown  out  of  i( 
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would  make  fcarce  any  perceptible  diminution  of  it,  as 
mentioned  above.  The  cavity  mentioned  above,  as  mea- 
fured  by  Dr.  Wilfon  of  4000  miles  in  depth,  not  penetra- 
ting an  hundredth  part  of  the  fun’s  femi-diameter  ; and  yet 
as  its  width  was  many  times  greater  than  its  depth,  was 
large  enough  to  contain  a greater  body  than  our  terreflrial 
world. 

I do  not  mean  to  conceal,  that  from  the  laws  of  gravity 
unfolded  by  Sir  Ifaac  Newton,  fuppofing  the  fun  to  be  a 
fphere  and  to  have  noprogreflive  motion,  and  not  liable  Itfelf 
to  be  difturbed  by  the^fuppofed  projetbon  of  the  planets  from 
it,  thatfuch  planets  mufl  return  into  the  fun.  The  late  Rev. 
William  Ludlam,  of  Leicefler,  whofe  genius  never  met  with 
reward  equal  to  its  merits,  in  a letter  to  me,  dated  January, 
1787,  after  having  fhewn,  as  mentioned  above,  that  planets 
fo  proje6led  from  the  fun  would  return  to  it,  adds,  That 
a body  as  large  as  the  moon  fo  projefted,  would  dlfturb 
the  motion  of  the  earth  in  its  orbit,  is  certain ; but  the 
calculation  of  fuch  dlflurbing  forces  is  difficult.  The 
body  in  fome  circumftances  might  become  a fatellitc,  and 
both  move  round  their  common  centre  of  gravity,  and 
that  centre  be  carried  in  an  annual  orbit  round  the  fun.” 

There  are  other  circumftances  which  might  have  concur- 
red at  the  time  of  fuch  fuppofed  c.rplofions,  which  would 
render  this  idea  not  impoffible.  l.Thc  planets  might  be 
thrown  out  of  the  fun  at  the  time  the  fun  itfelf  was  rifing 
from  chaos,  and  be  attra6led  by  other  funs  in  their  vicinity 
rifing  at  the  fame  time  out  of  chaos,  which  would  prevent 
them  from  returning  into  the  fun.  2.  The  new  planet  in 
its  courfe  or  afeent  from  the  fun,  might  explode  and  ejedt  a 
fatellite,  or  perhaps  more  than  one,  and  thus  by  its  courfe 
being  affedted  might  not  return  into  the  fun.  3.  If  more 
planets  were  ejedlcd  at  the  fame  time  from  the  fim,  they 
rnio-ht  attradl  and  difturb  each  others  courfe  at  the  time  they 
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left  the 'body  of  the  fun,  or  very  foon  afterwards,  when  they 
would  be  fo  much  nearer  each  other. 


NOTE  XVr. CALCAREOUS  EARTH. 

JVhile  Ocean  wrap'd  it  in  his  azure  robe. 

Canto  II.  1.  34. 

From  having  obferved  that  many  of  the  hlgheft  moun- 
tains of  the  world  confifl:  of  lime-ftone  replete  with  (hells, 
and  that  thefe  mountains  bear  the  marks  of  having  been 
lifted  up  by  fubterraneous  fires  from  the  interior  parts  of 
the  globe;  and  as  llme-flone  replete  with  (hells  is  found  at 
the  bottom  of  many  of  our  deepeft  mines,  fome  philofophcrs 
have  concluded  that  the  nucleus  of  the  earth  was  for  many 
ages  covered  with  water  which  was  peopled  with  its  adapted 
animals ; that  the  (hells  and  bones  of  thefe  animals  in  a 
long  feries  of  time  produced  folid  ftrata  in  the  ocean  fur- 
rounding  the  original  nucleus. 

o o 

Thefe  (Irata  confifl  of  the  accumulated  exuvitE  of  (liell- 
firti,  the  animals  perlfhed  age  after  age,  but  their  (liells 
remained,  and  in  progrefTion  of  time  produced  the  amaz- 
ing quantities  of  lime-flone  which  almod  cover  the  earth. 
Other  marine  anlfnals  called  corallfclds  ralfed  walls  and  even 
mountains  by  the  congeries  of  their  calcareous  habitations; 
thefe  perpendicular  coralline  rocks  make  fome  parts  of  the 
Southern  Ocean  highly  dangerous,  as  appears  in  the  jour- 
nals of  Capt.  Cook.  From  contemplating  the  Immenfe 
ftrata  of  lime-flone,  both  in  refpedl  to  their  ex  tent  and  thick- 
nefs,  formed  from  thefe  (hells  of  animals,  phllofophers  have 
been  led  to  conclude,  that  much  of  the  water  of  the  fea  has 
been  converted  into  calcareous  earth  by  palTing  through  their 
organs  of  digeflion.  The  formation  of  calcareous  earth  feeras 
more  particularly  to  be  an  animal  procefs  as  the  formation 
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of  clay  belongs  to  the  vegetable  economy ; thus  the  fliells  of 
crabs  and  other  teftaceous  fidi  are  annually  reproduced  from 
the  mucous  membrane  beneath  them ; the  fliells  of  eggs  are 
firft  a mucous  membrane,  and  the  calculi  of  the  kidneys  and 
thofe  found  in  all  other  parts  of  our  fyflem  which  fometimes 
contain  calcareous  earth,  feem  to  originate  from  Inflamed 
membranes : the  bones  themfelvcs  confifl;  of  calcareous  earth 
united  with  the  phofphorlc  or  animal  acid,  which  may  be 
feparated  by  diflblving  the  allies  of  calcined  bones  in  the  ni- 
trous acid ; the  various  fecretions  of  animals,  as  their  fallva 
and  urine,  abound  llkewlfe  with  calcareous  earth,  as  appears 
by  the  incruflalions  about  the  teeth  and  the  fediments  of 
urine.  It  is  probable  that  animal  mucus  is  a previous  pro- 
cefs  towards  the  formation  of  calcareous  earth  j and  that  all 
the  calcareous  earth  in  the  world  which  is  feen  in  lime- 
flones,  marbles,  fpars,  alabaflers,  marls,  (which  make  up 
the  greateft  part  of  the  earth’s  cruft-,  as  far  as  it  has  yet  been 
penetrated,)  have  been  formed  originally  by  animal  and  ve- 
getable bodies  from  the  mafs  of  water,  and  that  by  thefe 
means  the  folld  part  of  die  terraqueous  globe  has  perpetually 
been  in  an  increafing  ftate,  and  the  water  perpetually  in  a 
decreafing  one. 

After  the  mountains  of  fliells  and  other  recrements  of 
aquatic  animals  were  elevated  above  the  ivatcr  the  upper 
heaps  of  them  were  gradually  dlflTolved  by  rains  and  dews, 
and  oozing  through  were  either  pcrfcdly  cryftallized  infmal- 
ler  cavities  and  formed  calcareous  fpar,  or  were  imperfc6dy 
cryftallized  on  the  roofs  of  larger  cavities  and  produced 
ftalaiSlitcs;  or  mixitig  with  other  undiffblvcd  fliells  beneath 
them  formed  marbles,  which  were  more  or  lefs  cryftallized 
and  more  or  lefs  pure ; or  laftly,  after  being  diffolved,  the 
water  was  exhaled  from  them  in  fuch  a manner  that  the  ex- 
ternal parts  became  folid,  and  forming  an  arch  prevented  the 
internal  parts  from  approaching  each  other  fo  near  as  to  be- 
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come  folid,  and  thus  chalk  was  produced.  I have  fpccimcns 
of  chalk  formed  at  the  root  of  feveral  ftaladlites,  and  in  their 
central  parts  : and  of  other  {lala£lltcs  which  are  hollow  like 
quills  from  a fimilar  caufe,  viz.  from  the  external  part  of  the 
Raladlite  hardening  firft  by  its  evaporation,  and  thus  either 
attrafting  the  internal  diCTolved  particles  to  the  cruft,  or  pre- 
venting them  from  approaching  each  other  fo  as  to  form  a 
folid  body.  Of  thefe  I faw  many  hanging  from  the  arched 
roof  of  a cellar  under  the  high  ftreet  in  Edinburgh. 

If  this  diflblved  lime-ftone  met  with  vitriolic  acid  it  was 
converted  into  alabafter,  parting  at  the  fame  time  with  its 
fixable  air.  If  It  met  with  the  fluor  acid  it  became  fluor; 
if  with  the  filiceous  acid,  flint;  and  when  mixed  with  clay 
and  fand,  or  either  of  them,  acquires  the  name  of  marl. 
And  under  one  or  other  of  thefe  forms  compofes  a great  part 
of  the  folid  o-lobe  of  the  earth. 

Another  mode  in  which  lime-ftone  appears  is  in  the  form 
of  round  granulated  particles,  but  flightly  cohering  together; 
of  this  kind  a bed  extends  over  Lincoln  heath,  perhaps 
twenty  miles  long  by  ten  wide.  The  form  of  this  calcare- 
ous fand,  its  angles  having  been  rubbed  off,  and  the  flatnefs 
of  its  bed,  evince  that  that  part  of  the  country  was  fo  formed 
under  water,  the  particles  of  fand  having  thus  been  rounded, 
like  all  other  rounded  pebbles.  This  round  form  of  calcare- 
ous fand  and  of  other  larger  pebbles  is  produced  under  water, 
partly  by  their  being  more  or  Icfs  foluble  in  water,  and  hence 
the  angular  parts  become  diffolved,  firft,  by  their  expofmga 
larger  furface  to  the  a61ion  of  the  menftruum,  and  fecondly, 
from  their  attrition  agalnft  each  other  by  the  ftreams  or  tides 
for  a great  length  of  time,  fucceflively  as  they  were  colledled, 
and  perhaps  when  fome  of  them  had  not  acquired  their 
hardeft  ftate. 

This  calcareous  fand  has  generally  been  called  ketton- 
ftone  and  believed  to  refemble  the  fpawn  offifti : it  has  ac- 
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qulrcd  a form  fo  much  rounder  than  filiceous  fand  from  its 
bclno;  of  fo  much  fofter  a texture  and  alfo  much  more  folu- 
ble  in  water.  There  are  other  foft  calcareous  Rones  called 
tupha  which  are  depofited  from  water  on  moffes,  as  at  Mat- 
lock,  from  which  inofs  it  is  probable  the  water  may  receive 
fomething  which  induces  it  the  readier  to  part  with  its 
earth. 

In  fome  lime-flones  the  living  animals  feem  to  have  been 
burled  as  w'ell  as  their  (hells  during  fome  great  convulfion  of 
nature;  thefe  (hells  contain  a black  coaly  fubdance  within 
them  ; in  others  fome  phlogifton  or  volatile  alkali  from  the 
bodies  of  the  dead  animals  remains  mixed  with  the  (lone, 
which  is  then  called  liver-ftone,  as  it  emits  a fulphurous  fmell 
on  being  ih'uck ; and  there  is  a Rratum  about  fix  inches  thick 
extends  a confiderable  way  over  the  iron  ore  at  Wingerworth 
near  Chefterfield  in  Derbyflilre,  which  feems  evidently 
to  have  been  formed  from  the  (liells  of  fre(h-water 
mufcles. 

There  is  how^ever  another  fource  of  calcareous  earth  bc- 
fides  the  aquatic  one  above  deferibed,  and  that  is  from  the 
recrements  of  land  animals  and  vegetables  as  found  in  marls, 
which  confift  of  various  mixtures  of  calcareous  earth,  fand, 
and  clay,  all  of  them  perhaps  principally  from  vegetable 
origin. 

Dr.  Hutton  Is  of  opinion  that  the  rocks  of  marble  have 
been  foftened  by  fire  into  a fluid  mafs,  w'hich  he  thinks 
under  immenfe  prefiTure  might  be  done  without  the  efcape 
of  their  carbonic  acid  or  fixed  air.  Edinb.  Tranfadl,  \ ol.  I, 
If  this  ingenious  idea  be  allowed  it  might  account  for  the 
purity  of  fome  white  marbles,  as  during  their  fluid  Rate 
there  might  be  time  for  their  partial  impurities,  whether 
from  the  bodies  of  the  animals  \vhich  produce  the  (hells,  or 
from  other  extraneous  matter,  either  to  fublime  to  the  upper- 
moft  part  of  the  ftratum  or  to  fubfide  to  the  lowermofl  part 
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of  it.  As  a confirmation  of  this  theory  of  Dr.  Hutton’s  it 
niay  be  added  that  fome  calcareous  fiones  are  found  mixed 
with  lime,  and  have  thence  loft  a part  of  their  fixed  air  or 
carbonic  gas,  as  the  bath-ftonc,  and  on  that  account  hardens 
on  being  expofed  to  the  air,  and  mixed  with  fulphur  pro- 
duces calcareous  liver  of  fulphur.  Falconer  on  Bath-water, 
Vol.  I.  p.  156,  and  p.  257.  Mr.  Monnet  found  lime  in 
powder  in  the  mountains  of  Auvergne,  and  fufpc6led  it  of 
volcanic  origin.  Kirwan’s  Min.  p.  22. 


NOTE  XVII.-MORASSES. 

Gnomes!  you  then  taught  tranfuding  dews  to pafs 
Through  time~fall’n  woods,  and  r oot -inwove  morafs. 

Canto  II.  1.  115. 

Where  woods  have  repeatedly  grown  and  perlftied  mo- 
raffes  are  in  procefs  of  time  produced,  and  by  their  long 
roots  fill  up  the  interfticcs  till  the  whole  becomes  for  many 
yards  deep  a mafs  of  vegetation.  This  fa6l  is  curioufly  veri- 
fied by  an  account  given  many  years  ago  by  the  Earl  of 
Cromartie,  of  which  the  following  is  a ftiort  abftraft. 

In  the  year  lG5l  the  Earl  of  Cromartie,  being  then 
nineteen  years  of  age,  faw  a plain  in  the  parilh  of  Lockburn 
covered  over  with  a firm  Handing  wood,  which  was  fo  old 
that  not  only  the  trees  had  no  green  leaves  upon  them  but 
the  bark  was  totally  thrown  off,  which  he  was  there  informed 
by  the  old  countrymen  was  the  univcrfal  manner  in  which 
fir-woods  terminated,  and  that  in  twenty  or  thirty  years  the 
trees  would  caft  themfelves  up  by  the  roots.  About  fifteen 
years  after  he  had  occafion  to  travel  the  fame  way  and  ob- 
ferved  that  there  was  not  a tree  nor  the  appearance  of  a root 
of  any  of  them  j but  in  their  place  the  whole  plain  where 
Vol.  I.  X 


, 306 


Note  XVII. 


MORASSES. 

the  wood  ftood  was  covered  with  aflat  green  mofs  or  morals, 
and  on  afking  the.  country  people  what  was  become  of  the 
wood  he  was  informed  that  no  one  had  been  at  the  trouble 
to  carry  it  away,  but  that  it  had  all  been  overturned  by  the 
wind,  that  the  trees  lay  thick  over  each  other,  and  that  the 
mofs  or  bog  had  overgrown  the  whole  timber,  which  they 
added  was  occalioned  by  the  moiflure  which  came  do\^n 
from  the  high  hills  above  it  and  ftagnated  upon  the  plain, 
and  that  nobody  could  yet  pais  over  it,  which  however  his 
Lordfhip  was  fo  incautious  as  to  attempt  and  dipt  up  to  the 
arm-pits.  Before  the  year  169t>  that  whole  piece  of  ground 
was  become  a folid  mofs  wherein  the  peafanls  then  dug  turf 
or  peat,  which  however  was  not  y^^t  of  the  bell  fort.  Philof. 
Tranf.  No.  330.  Abridg.  Vol.  V.  p.  272. 

Morafles  in  great  length  of  time  undergo  variety  of 
changes,  firll  bv  elutriation,  and  afterwards  by  fermentation, 
and  the  confequent  heat.  1.  By  water  perpetually  oozing 
through  them  the  moft  foluble  parts  are  firft  wafhed  away, 
as  theeflential  falts;  thefe  together  with  the  falls  from  ani- 
mal recrements  are  carried  down  the  rivers  into  the  fea, 
where  all  of  them  feem  to  decompofe  each  other  cxxept  the 
marine  fait.  Hence  the  allies  of  peat  contain  little  or  no 
vegetable  alkali,  and  are  not  iifcd  in  the  countries  where 
peat  conftitutes  the  fuel  of  the  lower  people,  for  the  purpofc 
of  walhlng  linen.  The  fecond  thing  which  is  always  fecn 
oozing  from  morafles  is  iron  in  folution,  which  produces 
chalybeate  fprings,  from  whence  dcpofltlons  of  ochre  and 
variety  of  iron  ores.  The  third  elutriation  feems  to  conflfl  of 
vegetable  acid,  which  by  means  unknown  apjicars  to  be  con- 
verted into  all  other  acids.  1.  Into  marine  and  nitrous  acids 
as  mentioned  above.  2.  Into  vitriolic  acid,  which  is  found 
in  fome  morafles  fo  plentifully  as  to  preferve  the  bodies  of 
animals  from  putrefadion  which  have  been  burled  in  them; 
and  this  acid  carried  away  by  rain  and  dews,  and  meeting 
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with  calcareous  earth,  produces  gypfum  or  alabafler,  with 
clay  it  produces  alum,  and  deprived  of  its  vital  air  produces 
fulphur.  3.  Fluor  acid,  which  being  walhed  away  and 
meeting  with  calcareous  earth  produces  fluor  or  cubic  fpar. 
4.  Thefiliceous  acid,  which  feenis  to  have  been  difleminated 
in  great  quantity  either  by  folution  in' water  or  by  folution 
in  air,  and  appears  to  have  produced  the  fand  in  the  fea  unit- 
ing with  calcareous  earth  previoufly  dllTolved  in  that  ele- 
ment, from  which  were  afterwards  formed  fome  of  the 
grit-IIonc  rocks  by  means  of  a filiceous  or  calcareous  ce- 
ment. By  its  union  with  the  calcareous  earth  of  the  mo- 
rafs  other  ilrata  of  filiceous  fand  have  been  produced;  and 
by  the  mixture  of  this  with  clay  aiuLlime  arofe  the  beds  of 
marl. 

In  other  circum fiances,  probably  where  lefs  moiAure  has 
prevailed,  morafies  feem  to  have  undergone  a fermentation, 
as  other  vegetable  matter,  new  hay  for  inftance,  is  liable  to 
do  from  the  great  quantity  of  fugar  it  contains.  From  the 
great  heat  thus  produced  in  the  lower  parts  of  immenfe  beds 
of  morafs  the  phlogiftic  part,  or  oil,  or  afphaltum,  becomes 
diftilled,  and  rifmg  into  higher  frata  becomes  again  con- 
denfed,  forming  coal-beds  of  greater  or  lefs  purity  according  to 
their  greater  or  lefs  quantity  of  inflammable  matter;  at  the 
fame  time  the  clay-beds  become  purer  or  lefs  fo,  as  the  phlo- 
giftlc  part  is  more  or  lefs  completely  exhaled  frora,ihem. 
Though  coal  and  clay  are  frequently  produced  in  this  man- 
ner, yet  I have  no  doubt  but  that  they  are  likewife  often 
produced  by  elutriation;  in  fituations  on  declivities  the  clay 
is  waflied  away  down  into  the  valleys,  and  the  phlogiflic  part 
or  coal  left  behind  : this  circumflance  is  feen  in  many  val- 
leys  near  the  beds  of  rivers,  which  are  covered  recently  by  a 
whifilh  impure  clay,  called  water-clay.  See  note  XIX.  XX. 
and  XXIII. 

Lord  Cromartie  has furnlflied  another  curious obfer- 
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vation  on  moraOfe*  in  the  paper  above  referred  to.  In  a 
jnofs  near  the  town  of  Eglin  in^Iurray,  though  there  is  no 
river  or  water  which  communicates  with  the  mofs,  yet  for 
three  or  four  feet  of  depth  in  the  mofs  there  are  little  Ihell- 
filh  refembling  oyfters  with  living  fifli  in  them  in  great 
quantities,  though  no  fuch  filh  are  round  in  the  adjacent  ri- 
vers, nor  even  in  the  water  pits  in  the  mofs,  but  only  in  the 
folid  fublfance  of  the  mofs.  This  curious  fa£l  not  only  ac- 
counts for  the  fhells  fometinies  found  on  the  furface  of  coals, 
and  in  the  clay  above  them,  but  alfo  for  a thin  Ilratum  of 
fhells  which  fometimes  exilis  over  iron-ore. 


NOTE  XVIIL— IRON. 

Cold  waves,  immerged,  the  glowing  ma/s  congeal. 

And  turn  to  adamant  the  hijffmg  Steel. 

Canto  IT.  1.  lyi. 

As  iron  is  formed  near  the  furface  of  the  earth,  it  becomes 
expofed  to  ft  reams  of  water  and  of  air  more  than  moft  other 
metallic  bodies,  and  thence  becomes  combined  with  oxy- 
gene,  or  vital  air,  and  appears  very  frequently  m its  calciform 
rtate,  as  in  variety  of  ochres.  Manganefe,  and  zinc,  and 
fometimes  lead,  are  alio  found  near  the  furface  of  tne  earth, 
and  on  that  account  become  combined  with  vital  air,  and  are 

exhibited  in  their  c^alciform  ftate. 

The  avidity  with  which  iron  unites  with  oxygene,  or  vital 
air,  in  which  procefs  much  heat  is  given  out  from  the  com- 
bininer  materials,  is  fltewn  by  a curious  experiment  of 
M.  In^nhouz.  A fine  iron  wire  twilled  fpirally  is  fixed  to 
a cork,  on  the  point  of  the  fpire  is  fixed  a match  made 
of  agaric  dipped  in  folution  of  nitre;  the  match  is  therr 
ignited,  and  the  wire  with  the  cork  put  immediately  into  a 
bottle  full  of  vital  air;  the  match  fir  ft  burns  vividly,  and  the 
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iron  foon  takes  fire  and  confumes  with  brilliant  fparks  till  it 
is  reduced  to  fniall  brittle  globules,  gaining  an  addition  of 
about  one  third  of  its  weight  by  its  union  with  vital  air. 
Annales  de  Chymie*  Traite  de  Chymie,  par  Lavoifier, 
c.  iii. 


STEEL. 

It  Is  probably  owing  to  a total  deprivation  of  vital  air 
which  it  holds  with  fo  great  avidity,  that  iron  on  being  kept 
many  hours  or  days  in  ignited  charcoal  becomes  converted 
into  fteel,  and  thence  acquires  the  faculty  of  being  welded 
when  red  hot  long  before  it  melts,  and  alfo  the  power  of  be- 
coming hard  when  immerfed  in  cold  water ; both  which  I 
fuppofe  depend  on  the  fame  caufe,  that  is,  on  its  being  a 
worfe  condu6lor  of  heat  than  other  metals  ; and  hence  the 
furface  both  acquires  heat  much  fooner,  and  lofes  it  much 
fooner,  than  the  Internal  parts  of  it,  in  this  circumftance  re- 
fembling  glafs. 

When  fteel  is  made. very  hot,  and  fuddenly  immerged  in 
very  cold  water,  and  moved  about  in  it,  the  furface  of  the 
fteel  becomes  cooled  firft,  and  thus  producing  a kind  of  cafe 
or  arch  over  the  internal  part,  prevents  that  internal  part 
from  contracting  quite  fo  much  as  it  otherwife  would  do, 
whence  it  becomes  brlttler  and  harder,  like  the  glafs-drops 
called  Prince  Rupert’s  drops,  which  are  made  by  dropping 
melted  glafs  into  cold  water.  This  idea  is  countenanced  by 
the  circumftance  that  hardened  fteel  is  fpecifically  lighter 
than  fteel  w'hich  Is  more  gradually  cooled.  (Nicholfon’s 
Chemiftry^,  p.  313.)  Why  the  brittlenefs  and  hardnefs  of 
fteel  or  glafs  Ihould  keep  pace  or  be  companions  to  each 
other  may  be  difficult  to  conceive. 

When  a fteel  fpring  is  forcibly  bent  till  it  break,  It  requires 
lefs  power  to  bend  it  through  the  firft  inch  than  the  fecond, 
and  lefs  through  the  fccond  than  the  third  ; the  fame  I fup. 
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pofe  to  happen  if  a wire  be  diftended  till  It  break  by  hanging 
weights  to  it;  this  thews  that  the  particles  may  be  forced 
from  each  other  to  a fmall  diflance  by  lefs  power,  than  is 
necefiary  to  make  them  recede  to  a greater  diftance  ; in  this 
circumftancc  perhaps  the  attradlion  ot  cohefion  differs  from 
that  of  gravitation,  which  exerts  Its  power  inverfely  as  the 
fquares  of  the  diftance.  Hence  it  appears  that  if  the  Inner- 
nioft  particles  of  a fteel  bar,  by  cooling  the  external  fin  face 
flrft,  are  kept  from  approaching  each  other  lo  nearly  as  they 
otherwife  would  do,  that  they  become  in  thefituatlon  of  the 
particles  on  the  convex  fide  of  a bent  fpring,  and  cannot  be 
forced  farther  from  each  other  except  by  a greater  power  than 
would  have  been  neceffary  to  have  made  them  recede  thus 
far.  And  fccondly,  that  if  they  be  forced  a little  further 
from  each  other  they  feparatc ; this  may  be  exemplified  by 
laying  two  magnetic  needles  parallel  to  each  other,  the  con- 
trary poles  together,  then  drawing  them  longitudinally  from 
each  other,  they  will  Hide  with  fmall  force  till  they  begin  to 
feparate,  and  will  then  require  a ftronger  force  to  really 
feparate  them.  Hence  it  appears,  that  hardnefs  and  brit- 
tlenefs  depend  on  the  fame  circumftancc,  that  the  particles 
are  removed  to  a greater  diftance  from  each  other,  and  thus 
refill;  any  power-  more  forcibly  which  is  applied  to  difplace 
them  further;  this  conftitutes  hardnefs.  And  fecondly  if 
they  are  difpla.ced  by  fuch  applied  force  they  immediately 
feparate,  and  this  conftitutes  brittlcnefs. 

Steel  may  be  thus  rendered  too  brittle  for  niany  purpqfcs, 
on  which  account  artifts  have  means  of  foflcning  it  again, 
by  expofingit  to  certain  degrees  of  heat,  for  the  conftruaion 
of  dllferent  kinds  of  tools,  which  is  called  tempering  it. 
Some  artifts  plunge  large  tools  in  very  cold  water  as  foon  as 
they  arc  completely  ignited,  and  moving  them  about,  take 
;hem  out  as  foon  as  they  ceafe  to  be  luminous  beneath  the 
7/alcr ; they  are  then  rubbed  quickly  with  a file  or  on  fund 
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to  clean  the  furface ; the  heat  which  the  metal  flill  retains 
foon  begins  to  produce  a fucceffion  of  colours ; if  a hard 
temper  be  required,  the  piece  is  dipped  again  and  ftirred  about 
in  cold  water  as  foon  as  the  yellow  tinge  appears;  if  it  be 
cooled  when  the  purple  tinge  appears  it  becomes  fit  for  gra- 
vers’ tools  ufed  in  working  upon  metals  ; if  cooled  while 
blue  it  is  proper  for  fprings.  Nicholfon’s  Chemifiry,  p. 
313.  Keir’s  Chemical  Dictionary. 


MODERN  PRODUCTION  OF  IRON. 

The  recent  production  of  iron  .is  evinced  from  the  chaly- 
beate waters  which  flow  from  moraffes  which  lie  upon 
gravel- beds,  and  which  mufl:  therefore  have  produced  iron 
after  thofe  gravel-beds  were  raifed  out  of  the  fea.  On  the 
fouth  fide  of  the  road  between  Cheadle  and  Okey-moor  in 
Stafl'ordfhire,  yellow  flains  of  iron  are  feen  to  penetrate  the 
gravel  from  a thin  morafs  on  its  furface.  * There  is  a filTure 
eight  or  ten  feet  wide,  in  a gravel-bed  on  the  eaftern  fide  of 
the  hollow  road  afeending  the  hill  about  a mile  from  Trent- 
ham  in  Stafl'ordfhire,  leading  toward  Drayton  in  Shropfhirc, 
which  filTurc  is  filled  up  with  nodules  of  iron  ore.  A bank 
of  fods  is  now  raifed  againft  this  fiflTure  to  prevent  the  loofe 
iron  nodules  from  falling  into  the  turnpike-road,  and  thus 
this  natural  curiofity  is  at  prefent  concealed  from  travellers. 
A fimilar  fiffurein  a bed  of  marl,  and  filled  up  with  iron  no- 
dules and  with  fome  large  pieces  of  flint,  is  feen  on  the  eaft- 
ern  fide  of  the  hollow  road  afeending  the  hill  from  the  turn- 
pike houfe  about  a mile  from  Derby  in  the  road  towards 
Burton.  And  another  fuch  fiffure  filled  with  iron  nodes, 
appears  about  half  a mile  from  Newton-Solney  in  Derby- 
fliire,  in  the  road  to  Burton,  near  the  fummit  of  the  hill, 
Thefe  collections  of  iron  and  of  flint  mufl  have  been  pro- 
duced poflerior  to  the  elevation  of  all  thofe  hills,  and  were 
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thence  evidently  of  vegetable  or  animal  origin.  To  which 
Ihould  be  added,  that  iron  is  found  in  general  in  beds  either 
near  the  furface  of  the  earth,  or  ftratificd  with  clay,  coals,  or 
argillaceous  grit,  which  are  themfelvcs  produdiions  of  the 
modern  world,  that  is,  from  the  recrements  of  vegetables 
and  air-breathing  animals. 

Not  only  iron  but  manganefe,  calamy,  and  even  copper 
and  lead,  appear  in  fome  inftances  to  have  been  of  recent 
produdlion.  Iron  and  manganefe  are  detcdled  in  all  vege- 
table produclions,  and  it  is  probable  other  metallic  bodies 
might  be  found  to  exift  in  vegetable  or  animal  matters,  if 
we  had  tells  to  detedl  them  in  veiy  minute  quantities. 
Manganefe  and  calamv  are  found  in  beds  like  iron  near  the 
furface  of  the  earth,  and  in  a calciform  hate,  which  counte- 
nances their  modern  produdlion.  The  recent  produdlion  of 
calamy,  one  of  the  ores  of  zinc,  appears  from  its  frequently 
incruhing  calcareous  fpar  In  its  defeent  from  the  furface  of 
the  earth  into  the  uppermoh  filTures  of  the  lime-hone  moun- 
tains of  Dcrbyhhre.  That  the  calamy  has  been  carried  by 
its  folution  or  diffuhon  in  water  into  thefe  cavities,  and  not 
by  Its  afeent  from  below  In  form  of  heam,  is  evinced  from 
its  not  only  forming  a cruft  over  the  dogtooth  fpar,  but  by 
its  afterwards  diffolving  or  deftroying  the  fparry  cryhal.  I 
have  fpecimens  of  calamy  In  the  form  of  dogtooth  fpar,  two 
inches  high,  which  are  hollow,  and  hand  half  an  inch  above 
the  diminiflied  fparry  cryftal  on  which  they  were  formed, 
like  a flieath  a great  deal  too  big  for  it ; this  fecnis  to  fhew, 
that  this  procefs  was  carried  on  in  water,  otherwife  after  the 
calamy  had  incruiled  its  fpar,  and  diffolved  its  furface,  fo  as 
to  form  a hollow  cavern  over  it,  it  could  not  aft  further 
upon  it  except  by  the  interpofition  of  fome  medium.'  As 
tliefe  fpars  and  calamy  are  formed  in  the  fiffures  of  moun- 
tains thdjt  muft  both  have  been  formed  after  the  elevations 
of  thofe  mountains. 
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In  refpe6l  to  the  recent  produdUon  of  copper,  it  was  be- 
fore obferved  in  note  on  Canto  II.  1.  3Q8,  that  the  fummit 
of  the  grit-ftone  mountain  at  Hawkftone  in  Shropfhire,  is 
tinged  with  copper,  w'hich  from  the  appearance  of  the  blue 
Rains  feems  to  have  defcended  to  the  parts  of  the  rock  be- 
neath. I have  a calciform  ore  of  copper  confifting  of  the 
hollow  crufts  of  cubic  cells,  which  has  evidently  been  formed 
on  cryftals  of  floor,  which  it  has  eroded  in  the  fame  manner 
as  the  calamy  erodes  the  calcareous  cryftals,  from  whence 
may  be  deduced  in  the  fame  manner,  the  aqueous  folution 
or  diffufion,  as  well  as  the  recent  produdUon  of  this  calci- 

V 

form  ore  of  copper. 

Lead  in  fmall  quantities  is  fometimes  found  in  thefiflTures 
of  coal-beds,  w'hich  filTures  are  previoufly  covered  with  fpar ; 
and  fometimes  in  nodules  of  iron-ore.  Of  the  former  I 
have  a fpecimen  from  near  Caulk  in  Derbyftiire,  and  of 
the  latter  from  Colebrook  Dale  in  Shropfhire.  Tho\igh  all 
thefe  faiSls  fhew  that  fome  metallic  bodies  are  formed  from 
vegetable  or  animal  recrements,  as  iron,  and  perhaps  man- 
ganefe  and  calamy,  all  which  are  found  near  the  furface  of 
the  earth  j yet  as  the  other  metals  are  found  only  in  fiflures 
of  rocks,  which  penetrate  to  unknown  depths,  they  may  be 
wholly  or  in  part  produced  by  afeending  fleams  from  fub- 
terraneous  fires,  as  mentioned  in  note  on  Canto  II.  1.  398, 

SEPTARIA  OF  IRON-STONE. 

Over  fome  lime  works  at  Walfall  in  StaflTordfhire,  I ob- 
ferved fome  years  ago  a flratum  of  iron  earth  about  fix 
inches  thick,  full  of  very  large  cavities ; thefe  cavities  were 
evidently  produced  when  the  material  pafled  from  a femi- 
fluid  flate  into  a folid  one ; as  the  frit  of  the  potters,  or  a 
mixture  of  clay  and  water  is  liable  to  crack  in  drying; 
which  is  owing  to  the  further  contraction  of  the  internal 
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part,  after  the  cruft  has  become  hard.  Thefe  hollows  are 
liable  to  receive  extraneous  matter,  as  I believe  gypfum,  and 
fometimcs  fpar,  and  even  lead  ; a curious  fpeclmen  of  the 
laft  was  prefented  to  me  by  Mr.  Darby  of  Colebrook  Dale, 
which  contains  in  its  cavity  fome  ounces  of  lead-ore.  But 
there  are  other  feptaria  of  iron-ftone  which  fcem  to  have 
had  a very  dlft'erent  origin,  their  cavities  having  been  formed 
in  cooling  or  congealing  from  an  ignited  ftate,  as  is  ingeni- 
oufly  deduced  by  Dr.  Hutton  from  their  internal  ftru6lure. 
Edinb.  Tranfa6t.  Vol.  1.  p.  246.  'J'he  volcanic  origin  of 
thefe  curious  feptaria  appears  to  me  to  be  further  evinced 
from  their  form  and  the  places  where  they  are  found.  They 
contift  of  oblate  fpheroids,  and  are  found  in  many  parts  of 
the  earth  totally  detached  from  the  beds  in  which  they  lie, 
as  at  Eaft-D)thian  in  Scotland.  Two  of  thefe,  which  now 
lie  before  me,  were  found  with  many  others  immerfed  in  ar- 
gillaceous (hale  or  fhiver,  furrounded  by  broken  lime-ftone 
mountains,  at  Bradbourn  near  Aflibourn  in  Derbylhire,  and 
were  prefented  to  me  by  Mr.  Buxton,  a gentleman  of  that 
town.  One  of  thefe  is  about  fifteen  inches  in  its  equatorial 
diameter,  and  about  fix  inches  in  its  polar  one,  and  contains 
beautiful  ftar-like  feptaria  incrufted  and  in  part  filled  with 
calcareous  fpar.  The  other  is  about  eight-  inches  in  its 
equatorial  diameter,  and  about  four  inches  in  its  polar  dia« 
meter,  and  is  quite  folid,  but  flrews  on  its  internal  furface 
marks  of  different  colours,  as  if  a beginning  feparation 
had  taken  place.  Now  as  thefe  feptaria  contain  fifty  per 
cent,  of  iron,  according  to  Dr.  Hutton,  they  would  foften  or 
melt  into  a femi-fluid  globule  by  fubtcrrancous  fire  by  lefs 
heat  than  the  lime-fione  in  their  vicinity;  and  if  they  were 
c]e6ted  through  a hole  or  fiffure  would  gain  a circular  motion 
along  with  their  progrcffive  one  by  their  greater  fridEon  or 
adhefion  to  one  fide  of  the  hole.  This  whirling  motion 
would  produce  the  oblate  fphcroidical  form  which  they  pof- 


IRON. 


315 


Note  XVIII. 


fgfgj  which  tis  fiir  2.S  I know  cunnot  in  unj  other  wav 
be  accounted  for.  They  would  then  harden  jn  the  air  as 
they  rofe  into  the  colder  parts  of  the  atmofphere;  aixl  as 
they  defceiided  into  fo  foft  a material  as  (hale  or  fhiver, 
their  forms  would  not  be  injured  in  their  fall;  and  their 
prefence  in  materials  fo  different  from  theinfelves  becomes 
accounted  for. 

About  the  tropics  of  the  large  feptari urn  above  mentioned, 
are  circular  eminent  lines,  fuch  as  might  have  been  left  if  it 
had  been  coarfely  turned  in  a lath.  Thefe  lines  feem  to  con- 
fift  of  fluid  matter^  which  feems  to  have  exfuded  in  circular 
zones,  as  their  edges  appear  blunted  or  retradled  ; and  the 
feptarium  feems  to  have  fplit  eafler  in  fuch  fe6lions  parallel 
to  its  equator.  Now  as  the  crufl  w^ould  firft  begin  to  harden 
and  cool  after  its  ejedion  in  a femifluid  (late,  and  the  equa- 
torial diameter  w’ould  become  gradually  enlarged  as  it  rofe  in 
the  air,  the  internal  parts  being  fofter  would  Aide  beneath 
the  polar  crufl,  w'hich  might  crack  and  permit  part  ot  the 
femifluid  to  exfude,  and  it  is  probable  the  adhefion  would 
thus  become  lefs  in  fe6lions  parallel  to  the  equator.  Which 
further  confirms  this  idea  of  the  proJiuSlion  of  ihefe  curious 
feptaria.  A new-cafl  cannon  ball  red-hot  with  its  crufl  only 
folid,  if  it  were  (hot  into  the  air  would  probably  burfl  in  its 
paflTage;  as  it  would  conflfl  of  a more  fluid  material  than 
thefe  feptaria ; and  thus  by  difcharglng  a fhower  of  liquid 
iron  w'ould  produce  more  dreadful  combuftion,  il  ufed  in 
war,  than  could  be  efleded  by  a ball,  which  had  been  cooled 
and  was  heated  again:  fince  in  the  latter  cafe  the  ball  could 
not  liave  its  internal  parts  made  hotter  than  the  cruft  of  it, 
without  firft  lofing  its  form. 
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NOTE  XIX.— FLINT. 

.Tranfmute  to  glittering  flints  her  chalhj  lands^ 

Or  Jink  on  Ocean’s  bed  in  countlefs  fands. 

Canto  II.  1.  217, 

I.  SILICEOUS  ROCKS. 

The  great  rualTes  of  filiceous  fand  \vhi''.h  He  in  rocks  upori 
the  beds  of  llme-ftone,  or  which  are  ftratlhed  with  clay,  coal, 
and  iron-ore,  are  evidently  produced  in  the  decompofition 
of  vegetable  or  animal  matters,  as  explained  in  the  note  on 
morafles.  Hence  the  Impreffions  of  vegetable  roots  and  even 
whole  trees  are  often  found  in  fand-ftone,  as  well  as  in  coals 
and  iron-ore.  In  thefe  fand-rocks  both  the  filiceous  acid 
and  the  calcareous  bafe  feem  to  be  produced  from  the  ma- 
terials of  the  morafs;  for  though  the  prefence  of  a filiceous 
acid  and  of  a calcareous  bafe  have  not  yet  been  feparatcly 
exhibited  from  flints,  yet  from  the  analog)^  of  flint  to  fluor, 
and  gypfum,  and  marble,  and  from  the  converfion  of  the 
latter  into  flint,  there  can  be  little  doubt  of  their  cxillence. 

Thefe  filiceous  fand-rocks  arc  either  held  together  by  a 
filiceous  cement,  or  have  a greater  or  lefs  portion  of  clay  In 
them,  which  in  fomc  a£fs  as  a cement  to  the  filiceous  ervf- 
tals,  but  in  others  is  in  fuch  great  abundance  that  in  burn- 
ing them  they  become  an  imperfect  porcelain  and  are  then 
ufed  to  repair  the  roads,  as  at  Cheftcrfield  in  Derby fliirc: 
thefe  are  called  argillaceous  grit  by  Mr.  Kirwan.  In  other 
places  a calcareous  matter  cements  the  cryftals  together,  and 
in  other  places  the  filiceous  cryflals  lie  in  loofe  flrata  under 
the  marl  in  the  form  of  white  fandj  as  at  Normington  about 
a mile  from  Derby. 

The  lowcft  beds  of  filiceous  *fand-flone  produced  from 
morafTcs  feem  to  obtain  their  acid  from  the  morafs,  and  their 
calcareous  bafe  from  the  limc-ftone  on  which  it  refts.  Thefe 


Note  XIX. 


FLINT. 


317 


beds  poflefs  a rdiceous  cement,  and  from  their  greater  purity 
and  hardnefs  are  ufed  for  coarfe  grinding-ftones  and  fcythe- 
ftones,  and  are  fituated  on  the  edges  of  lime-ftone  countries, 
havino'  loft  the  other  ftrata  of  coals,  or  clay,  or  iron,  which 
were  originally  produced  above  them.  Such  are  the  fancf- 
rocks  Incumbent  on  lime-ftone  near  Matlock  in  Derbylhlre. 
As  thcfe  filiceous  fand-rocks  contain  no  marine  produ6lions 
fcattered  amongft  them,  they  appear  to  have  been  elevated, 
torn  to  pieces,  and  many  fragments  of  them  fcattered  over  the 
adjacent  country  by  explofions,  from  fires  within  the  morafs 
from  which  they  have  been  formed;  and  which  diffipated 
every  thing  inflammable  above  and  beneath  them,  except 
fome  ftains  of  ironj  with  which  they  are  in  fome  places  fpot- 
ted.  If  thefe  fand-rocks  had  been  accumulated  beneath  the 
fea,  and  elevated  along  with  the  beds  of  lime-ftone  on  which 
they  reft,  fome  veftiges  of  marine  fliells,  either  in  their  fili- 
ceous or  calcareous  ftate  muft  have  been  difeerned  amongft 
them . 

2.  SILICEOUS  TREES. 

In  many  of  thefe  fand-rocks  are  found  the  impreftfions  of 
vegetable  roots,  which  feem  to  have  been  the  moft  unchan- 
geable parts  of  the  plant,  as  (hells  and  ftiark’s  teeth  are  found 
in  chalk-beds  from  their  being  the  moft  unchangeable  parts 
of  the  animal.  In  other  inftances  the  wood  itfelf  is  pene- 
trated, and  whole  trees  converted  into  flint;  fpccimens  of 
which  I have  by  me,  from  near  Coventry,  and  from  a gravel- 
pit  in  Shropfliire  near  Child’s  Archal  in  the  road  to  Drayton. 
Other  poll  (bed  fpeclmens  of  vegetable  flints  abound  in  the 
cabinets  of  the  curious,  which  evidently  fhevv  the  concentric 
circles  of  woody  fibres,  and  their  interfaces  filled  with  whiter 
filiceous  matter,  with  the  branching  off  of  the  knots  when 
cut  horizontally,  and  the  parallel  lines  of  wood  when  cut 
longitudinally,  with  uncommon  beauty  and  variety.  Of 
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thefe  I poiTcfs  feme  beautiful  fpecimens,  which  were  pre- 
fented  to  me  by  the  Earl  of  Uxbridge. 

The  colours  of  thefe  liliceous  vegetables  are  generally 
brown  from  the  iron,  I fuppofe,  or  manganefe,  which  in- 
d^jeed  them  to  cryfiallize  or  to  fufe  more  eafily.  Some  of 
the  cracks  of  the  wood  in  drying  are  filled  with  white  flint 
or  calcedony,  and  others  of  them  remain  hollow,  lined  witii 
irmumerable  fmall  cryilals  tinged  with  iron,  which  I fuppofe 
had  a fhare  in  converting  their  calcareous  matter  into  filice- 
ous  cryflals,  becaufe  the  cryflals  called  Peak-diamonds  are 
always  found  bedded  in  an  ochreous  earth;  and  thofe  called 
Briftol-flones  are  fituated  on  llme-flone  coloured  with  iron.' 
Mr.  F.  French  prefenled  me  with  a congeries  of  flliceous 
cryflals,  which  he  gathered  on  the  crater  (as  he  fuppofes) 
of  an  extinguiflied  volcano  at  Cromach  Water  in  Cumber- 
land. The  cryflals  are  about  an  inch  high  in  the  fliape  of 
dogtooth  or  calcareous  fpar,  covered  with  a dark  ferruginous 
matter.  The  bed  on  which  they  refl  is  about  an  inch  in 
thicknefs,  and  is  flained  with  iron  on  its  under  furface. 
This  curious  foflil  fliews  the  tranfmulation  of  calcareous 
earth  into  flliceous,  as  much  as  the  flliceous  fhclls  which 
abound  in  the  cabinets  of  the  curious.  There  may  fome 
time  be  difeovered  in  this  age  of  fcience,  a method  of  thus 
imnregnalino;  wood  with  liquid  flint,  which  would  produce 
pillars  for  the  fnppnrt,  and  tiles  for  the  covering  of  houfes, 
which  would  be  uninflammable  and  endure  as  long  as  the 
earth  beneath  them. 

That  fome  flliceous  produ£lions  have  been  in  a fluid  ftatc 
without  much  heat  at  the  time  of  their  formation  appears 
from  the  vegetable  flints  above  defcrlbed  not  having  quite  loft 
their  organized  appearance;  from  fliells,  and  coralloids,  and 
cntrochi  being  converted  into  flint  without  loflng  their 
form;  from  the  bafon  of  calcedony  round  Giefar  in  Iceland; 
and  from  the  experiment  of  Mr.  Bergman,  who  obtained 
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tiiirtccn  refijular  formed  cryftals  by  fuflforing  the  powder  of 
cjuartz  to  remain  in  a vcflel  with  fluor  acid  tor  tvv'o  years  j 
thefe  crvdals  were  about  the  fize  of  fmall  peas,  gnd  were  not 
fo  hard  as  quartz.  Opufe.  de  Terra  Silicea,  p.  33.  Mr. 
Adiard  procured  both  calcareous  and  fdiceous  cryllals,  one 
from  calcareous  earth,  and  the  other  from  the  earth  of  alum, 
both  dilTolvcd  in  water  impregnated  with  fixed  air;  the  water 
filtrating  very  flowly  through  a porous  bottom  of  baked  clay- 
See  Jo.mial  de  Phyfique,  for  January,  1778. 

3.  AGATES,  ONYXES,  SCOTS-PEBBLES. 

In  fmall  cavities  of  thefe  fand-rocks,  T am  informed,  the 
beautiful  filiceous  nodules  are  found  which  are  called  Scots- 
pebbles;  and  which  on  being  cut  in  dilTerent  di regions  lake 
the  names  of  agates,  onyxes,  fardonyxes.  See.  according  to 
the  colours  of  the  lines  or  llrata  which  they  exhibit.  Some 
of  the  nodules  are  hollow  and  filled  with  cryflals,  others 
have  a nucleus  ol  lets  compadt  filiceous  matter  which  is 
generally  white,  furrounded  with  many  concentric  flrata 
coloured  with  iron,  and  other  alternate  ilrata  of  white  agate 
or  calcedony,  fometimes  to  the  number  of  thirty. 

I think  thefe  nodules  bear  evident  marks  of  their  having 

been  in  perfedl  fufion  by  either  heat  alone,  or  by  water  and 

heat,  under  great  preflure,  according  to  the  ingenious  theory 

of  Dr.  Hutton;  but  I do  not  Imagine,  that  they  were  in- 

jedled  into  cavities  from  materials  from  without,  but  that 

fome  vegetables  or  parts  of  vegetables  containing  more  iron 

or  manganefc  than  others,  facilitated  the  complete  fufion, 

thus  deltroying  the  veftiges  of  vegetable  organization,  which 

were  confpicuous  in  the  filiceous  trees  above  mentioned. 

Some  of  thefe  nodules  being  hollow  and  lined  with  cryftals, 

and  others  containino'  a nucleus  of  white  filiceous  matter  of 

o 

a loofer  texture,  (hew  they  were  compofed  of  the  materials 
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then  exiting  in  the  cavity^  which  confiilihg  before  of  loofe 
fand,  muft  take  up  lefs  fpace  when  fufed  into  a folid  mafs. 

Thefe  filiceous  nodules  refemble  the  nodules  of  iron-ftone 
mentioned  in  note  on  Canto  II.  1.  183,  in  refpe6l  to  their 
pofleffing  a great  number  of  concentric  fpheres  coloured 
generally  with  iron,  but  they  differ  in  this  circumftance, 
that  the  concentric  fpheres  generally  obey  the  form  of  the 
external  crufl:,  and  in  their  not  pofleffing  a chalybeate  nu- 
cleus. The  flala(Stites  formed  on  the  roofs  of  caverns  are 
often  coloured  in  concentric  flrata,  by  their  coats  being 
fpread  over  each  other  at  different  times  j and  fome  of 
them,  as  the  cupreous  ones,  poffefs  great  beauty  from 
this  formation;  but  as  thefe  are  neceffarily  more  or  lefs 
of  a cylindrical  or  conic  form,  the  nodules  or  globular 
flints  above  deferibed  cannot  have  been  conflru£led  in  this 
manner.  To  what  law  of  nature  then  is  to  be  referred  the 
production  of  fuch  numerous  concentric  fpheres  ? I fufpeCt 
to  the  law  of  congelation. 

When  fait  and  water  are  expofed  to  fevere  frofly  air,  the 
fait  is  faid  to  be  precipitated  as  the  water  freezes;  that  is, 
as  the  heat,  in  which  it  was  diffolved,  is  withdrawn:  where 
the  experiment  is  tried  in  a bowl  or  bafon,  this  may  be  true, 
as  the  furface  freezes  firfl,  and  the  fait  is  found  at  the  bot- 
tom. But  in  a fluid  expofed  in  a thin  phial,  I found  by  ex- 
periment, that  the  extraneous  matter  previoufly  diffolved  by 
the  heat  in  the  mixture  was  not  fmiply  fet  at  liberty  to  fub- 
fide,  but  was  detruded  or  pufired  backward  as  the  ice  was 
produced.  The  experiment  was  this;  about  two  ounces  of 
a folution  of  blue  vitriol  were  accidentally  frozen  in  a thin 
phial,  the  glafs  was  cracked  ami  fallen  to  pieces,  the  ice  was 
diffolved  and  I found  a pillar  of  blue  vitriol  {landing  ereCf 
on  the  bottom  of  the  broken  bottle.  Nor  is  this  power 
of  congelation  more  extraordinary,  than  that  by  its  powerful 
and  hidden  expanfion  it  fliould  burfl  iron  fliells  and  coe- 
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horns,  or  throw  out  the  plugs  with  which  the  water  was  fe- 
cured  in  them  above  one  hundred  and  thirty  yards,  according 
to  the  experiments  at  Gluebec  by  Major  Williams.  Edinb. 
Tranfafl.  Vol.  II.  p.  23. 

In  feme  fdiceous  nodules  which  now  lie  before  me,  the 
external  cruft  for  about  the  tenth  of  an  inch  confifts  of  white 
agate,  in  others  it  is  much  thitmer,  and  in  feme  much  thicker ; 
correfponding  with  this  cruft  there  are  from  twenty  to  thirty 
fuperincumbent  ftrata,  of  alternately  darker  and  lighter  co- 
lour ; whence  it  appears,  that  the  external  cruft  as  it  cooled 
or  froze,  propelled  from  it  the  iron  or  manganefe  which  was 
diflblved  in  it ; this  receded  till  it  had  formed  an  arch  or 
vault  ftrong  enough  to  refift  its  further  protrufton  ; then  the 
next  inner  fphere  or  ftratum  as  it  cooled  or  froze,  propelled 
forwards  its  colouring  matter  in  the  lame  manner,  till  another 
arch  or  fphere  produced  fufficient  refiftan  ce  to  this  frigorefeent 
cxpulfton.  Some  of  them  have  detruded  their  colouring 
matter  quite  to  the  centre,  the  rings  continuing  to  become 
darker  as  they  are  nearer  it ; in  others  the  chalybeate  arch 
feems  to  have  flopped  half  an  inch  from  the  centre,  and  be- 
come thicker  by  having  attradbed  to  itfelf  the  irony  matter 
from  the  white  nucleus,  owing  probably  to  its  cooling  lefs 
precipitately  in  the  central  parts  than  at  the  furface  of  the 
pebble. 

A fimilar  detrufion  of  a marly  matter  in  circular  arches 
or  vaults  obtains  in  the  fait  mines  in  Cheftrire ; from 
whence  Dr.  Hutton  very  ingenioufly  concludes,  that  the 
fait  muft  have  been  liquified  by  heat ; which  would  feem  to 
be  much  confirmed  by  the  above  theory.  Edinb.  Tranfadl. 
Vol.  I.  p.  244. 

I cannot  conclude  this  account  of  Scots-pebbles  without 
obferving,  that  fome  of  them  on  being  fawed  longitudinally 
afunder,  feem  ftill  to  polfefs  fome  veftiges  of  the  cylindrical 
organization  of  vegetables  ; others  polfefs  a nucleus  of  white 
aerate,  much  refembling  fome  bulbous  roots,  with  their  con- 
VoL.  I.  y 
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centric  coats,  or  the  knots  in  elm  roots  or  crab-trees;  fomc 
of  thefe  I fuppofe  were  formed  in  the  manner  above  explain- 
ed, during  the  congelation  of  mafles  of  melted  flint  and  iron ; 
others  may  have  been  formed  from  a vegetable  nucleus 
and  retain  fome  veftiges  of  the  organization  of  the  plant. 

4.  SAND  OF  THE  SEA. 

The  great  abundance  of  filiceous  fand  at  the  bottom  of 
the  ocean  may  in  part  be  wafhed  down  from  the  filiceous 
rocks  above  deferibed,  but  in  general  I fuppofe  it  derives  its 
acid  only  from  the  vegetable  and  animal  matter  of  morafTes, 
which  is  carried  down  by  floods  or  by  the  atmofphere,  and 
becomes  united  in  the  fea  with  its  calcareous  bafe  from  fhells 
and  coralloids,  and  thus  aflumes  its  cryflalline  form  at  the 
bottom  of  the  ocean,  and  is  there  intermixed  with  gravel  or 
other  matters  wafhed  from  the  mountains  in  its  vicinity. 

S.  CHERT,  OR  PETROSILEX. 

The  rocks  of  marble  are  often  alternately  intermixed  with 
flrata  of  chert,  or  coarfe  flint,  and  this  in  beds  from  one  to 
three  feet  thick,  as  at  Tlam  and  Matlock,  or  of  lefs  than  the 
tenth  of  an  inch  in  thicknefs,  as  a mile  or  two  from  Bake- 
well  in  the  road  to  Buxton.  It  is  difficult  to  conceive  in 
what  manner  ten  or  twenty  flrata  of  either  lime-flone  or 
flint,  of  different  (hades  of  white  and  black,  could  be  laid  quite 
regularly  over  each  other  from  fediments  or  precipitations 
from  the  fea ; it  appears  to  me  much  eafier  to  comprehend, 
by  fuppoling  with  Dr.  Hutton,  that  both  the  folid  rocks  of 
marble  and  the  flint  had  been  fufed  by  great  heat,  (or  by 
heat  and  water,)  under  immenfe  preffure;  by  its  cooling 
or  congealing  the  colouring  matter  might  be  detruded,  and 
form  parallel  or  curvilinear  flrata,  as  above  explained. 

The  colouring  matter  both  of  lime-flone  and  flint  w^as 
probably  owing  to  the  flefli  of  peculiar  animals,  as  well  as 
the  filiceous  acid,  which  converted  fome  of  the  lime-flone 
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into  flint;  or  to  fome  ftrata  of  fhell-fifli  having  been  over- 
whelmed when  alive  with  new  materials,  while  others  dying 
in  their  natural  fituations  would  lofe  their  flefhy  part,  either 
by  its  putrid  folution  in  the  water  or  by  its  being  eaten  by 
other  fea-infe6ls.  I have  fome  calcareous  foflTil  Ihells  which 
contain  a black  coaly  matter  in  them,  which  was  evidently 
the  body  of  the  animal,  and  others  of  the  fame  kind  filled 
with  fpar  inftead  of  it.  The  Labradore  done  has  I fuppofe 
its  colours  from  the  nacre  or  mother-pearl  fhells,  from 
which  it  was  probably  produced.  And  there  is  a ftratum  of 
calcareous  matter  about  fix  or  eight  inches  thick  at  Winger- 
worth  in  Derbyfhire  over  the  iron-beds,  which  is  replete  with 
fhells  of  frefh-water  mufcles,  and  evidently  obtains  its  dark 
colour  from  them,  as  mentioned  in  note  XVI.  Many  no- 
dules of  flint  refemble  in  colour  as  well  as  in  form  the  fhells 
of  the  echinus  or  fea-urchin  ; others  refemble  fome  coralloids 
both  in  form  and  colour;  and  M.  Arduini  found  in  the 
Monte  de  Pancrafio,  red  flint,  branching  like  corals,  from 
whence  they  feem  to  have  obtained  both  their  form  and 
their  colour.  Ferber’s  Travels  in  Italy,  p.  42. 

€.  NODULES  OF  FLINT  IN  CHALK-BEDS. 

As  the  nodules  of  flint  found  in  chalk-beds  pofTefs  no 
marks  of  having  been  rounded  by  attrition  or  folution,  I con- 
clude that  they  have  gained  their  form  as  well  as  their 
dark  colour  from  the  flefli  of  the  fhell-fifh  from  which  they 
had  their  origin;  but  which  have  been  fo  completely  fufed 
by  heat,  or  heat  and  water,  as  to  obliterate  all  veftio-es  of 

D 

the  fliell,  in  the  fame  manner  as  the  nodules  of  agate  and 
onyx  were  produced  from  parts  of  vegetables,  but  which  had 
been  fo  completely  fufed  as  to  obliterate  all  marks  of  their 
organization,  or  as  many  iron-nodules  have  obtained  their 
form  and  origin  from  peculiar  vegetables. 

Some  nodules  in  chalk-beds,  confift  of  fhells  of  echini 
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filled  up  with  chalk,  the  animal  having  been  diflblved  away 
by  putrefcence  in  water,  or  eaten  by  other  fea-infe6ls ; other 
fhells  of  echini,  in  which  I fuppofe  the  animal  s body  re- 
mained, are  converted  into  flint,  but  flill  retain  the  form  of 
the  Ihell.  Others,  I fuppofe  as  above,  being  more  completely 
fufed,  have  become  flint  coloured  by  the  animal  flefh,  but 
without  the  exact  form  either  of  the  flefli  or  fhell  of  the 
animal.  Many  of  thefe  are  hollow  within  and  lined  with 
cryftals,  like  the  Scot’s-pebbles  above  defcribed ; but  as  the 
colouring  matter  of  animal  bodies  differs  but  little  from  each 
other  compared  with  thofe  of  vegetables,  thefe  flints  vary 
lefs  in  their  colours  than  thofe  above  mentioned.  At  the 
fame  time  as  they  cooled  in  concentric  fphercs  like  the 
Scot’s-pebbles,  they  often  poflefs  faint  rings  of  colours,  and 
aUvays  break  in  'conchoide  forms  like  them. 

This  idea  of  the  produdfions  of  nodules  of  flint  in  chalk- 
beds  is  countenanced  from  the  iron  which  generally  appears 
as  thefe  flints  become  decompofed  by  the  air ; which  by 
uniting  with  the  iron  in  their  compofition  reduces  it  from  a 
vitrefeent  flate  to  that  of  calx,  and  thus  renders  it  vifible. 
And  fecondly,  by  there  being  no  appearance  in  chalk-beds, 
of  a ftrinec  or  pipe  of  filiceous  matter  connedllng  one  nodule 
with  another,  which  muft  have  happened  if  the  filiceous 
matter,  or  its  acid,  had  been  injefted  from  without,  according 
to  the  idea  of  Dr.  Flutton.  And  thirdly,  becaufe  many  of 
them  have  very  large  cavities  at  their  centres,  which  fhould 
not  have  happened  had  they  been  formed  by  the  injeefUon 
of  a material  from  w'ithout. 

When  (hells  or  chalk  are  thus  converted  from  calcareous 
to  filcicous  matter  by  the  fleth  of  the  animal,  the  new  flint 
being  heavier  than  the  Ihell  or  chalk  occupies  lefs  fpace 
than  the  materials  it  was  produced  from ; this  is  the  caufeof 
frequent  cavities  within  them,  where  the  whole  mafs  has 
not  been  completelv  fufed  and  prefled  together.  In  Derby- 
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(hire  there  are  mafles  of  corallold  and  other  fliells  which 
have  become  filiceous.  and  are  thus  left  with  larffc  vacuities 
fometimes  within  and  fometimes  on  the  outfide  of  the  re- 
maining form  of  the  (hell,  like  the  French  milUlones,  and 
I fuppofe  might  ferve  the  fame  purpofe;  the  gravel  of  the 
Derwent  is  full  of  fpecimens  of  this  kind. 

Since  writing  the  above  I have  received  a very  ingenious 
account  of  chalk-beds  from  Dr.  Menish  of  Chelmsford. 
He  difllnguifhes  chalk-beds  into  three  kinds;  fuch  as  have 
been  raifed  from  thefea  with  little  difturbance  of  their  drata, 
as  the  cliffs  of  Dover  and  Margate,  which  he  terms  intire 
chalk.  Another  date  of  chalk  is  where  it  has  fuftered  much 
derangement,  as  the  banks  of  the  Thames  at  Gravefend  and 
Dartford.  And  a third  date  where  fragments  of  chalk  have 
been  rounded  by  water,  which  he  terms  alluvial  chalk.  In 
the  firft  of  thefe  fituations  of  chalk  he  obferves,  that  the 
flint  lies  in  drata  horizontally,  generally  in  didindl  nodules, 
but  that  he  has  obferved  two  indances  of  folid  plates  or 
drata  of  flint,  from  an  inch  to  two  inches  in  thicknefs,  in- 
terpofed  between  the  chalk-bed.s;  one  of  thefe  is  in  a chalk- 
bank  by  the  road-fide  at  Berkhamdead,  the  other  in  a bank 
on  the  road  from  Chatham  leading  to  Canterbury.  Dr. 
Menifh  has  further  obferved,  that  many  of  the  echini  are 
crufhed  in  their  form,  and  yet  filled  with  flint,  which  has 
taken  the  form  of  the  cruflied  fliell,  and  that  though  many 
flint  nodules  are  hollow,  yet  that  in  fome  echini  the  filiceum 
feems  to  have  enlarged,  as  it  paffed  from  a fluid  to  a folid 
date,  as  it  fwells  out  in  a protuberance  at  the  mouth  and 
anus  of  the  (hell,  and  that  though  thefe  diells  are  fo  filled 
with  flint,  yet  that  in  many  places  the  diell  itfelf  remains 
calcareous.  Thefe  drata  of  nodules  and  plates  of  flint  feem 
to  countenance  their  origin  from  the  fle(h  of  a dratum  of 
animals  which  perilhed  by  fome  natural  violence,  and  were 
buried  in  their  (hells. 
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7.  ANGLES  OF  SILICEOUS  SAND. 

In  many  rocks  of  filiceous  fand  the  particles  retain  their 
angular  form,  and  in  fome  bedsof  loofe  fand,  of  which  there 
is  one  of  confiderable  purity  a few  yards  beneath  the  marl  at 
Normington  about  a mile  fouth  of  Derby.  Other  .Jiceous 
fands  have  had  their  angles  rounded  off,  like  the  pebbles  in 
gravel-beds.  Thefe  feem  to  owe  their  globular  form  to  two 
caufes  ; one  to  their  attrition  againft  each  other,  when  they 
may  for  centuries  have  lain  at  the  bottom  of  the  fea,  or  of 
rivers  3 where  they  may  have  been  progreffively  accumulated, 
and  thus  progreffively  at  the  fame  time  rubbed  upon  each 
other  by  the  daffiing  of  the  water,  and  where  they  would  be 
more  eafily  rolled  over  each  other  by  their  gravity  being  fo 
much  lefs  than  in  air.  This  is  evidently  now  going  on  in 
the  river  Derwent,  for  though  there  are  no  lime-ltone  rocks 
for  ten  or  fifteen  miles  above  Derby,  yet  a great  part  of  the 
river-gravel  at  Derby  conflfls  of  hme-flone  nodules, 
whofe  angles  are  quite  worn  off  in  their  defcent  down  the 
ffream. 

There  is  however  another  caufe  which  muff  have  contri- 
buted to  round  the  angles  both  of  calcareous  and  filiceous 
fragments ; and  that  is,  their  folubility  in  water  3 calcare- 
ous earth  is  perpetually  found  fufpendcd  in  the  waters 
which  pafs  over  it  3 and  the  earth  of  flints  was  obferved  by 
Bergman  to  be  contained  in  water  in  the  proportion  of  one 
grain  to  a gallon.  ’ Kirwan’s  Mineralogy,  p.  107.  In  boil- 
ing water,  however,  it  is  folublein  much  greater  proportion, 
as  appears  from  the  filiceous  earth  fublimed  in  thediftillation 
of  fluor  acid  in  glafs  veffels  3 and  from  the  bafons  of  calce- 
dony  which  furrounded  the  jets  of  hot  water  near  mount 
Hecla  in  Iceland.  Troil  on  Iceland.  It  is  probable  moft 
filiceous  fands  or  pebbles  have  at  fome  ages  of  the  world 
been  long  expofed  to  aqueous  fleams  raifed  by  fubterranean 
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fires.  And  if  fragments  of  flone  were  long  immerfed  iu  a 
fluid  menftruum,  their  angular  parts  would  be  firfl:  diflblved, 
on  account  of  their  greater  furface. 

Many  beds  of  filiceous  gravel  are  cemented  together  by  a 
fdiceous  cement,  and  are  called  breccia;  as  the  plumb-pud- 
ding ftones  of  Hcrtfordfhire,  and  the  walls  of  a lubterraneous 
temple  excavated  by  Mr.  Curzon,  at  Hagley  near  Rugely  in 
Stafibrdfhire ; thefe  may  have  been  expofcd  to  great  heat  as 
they  were  immerfed  in  water ; which  water  under  great  pref- 
fure  of  fuperincumbent  materials  may  have  been  rendered 
red-hot,  as  in  Papin-’s  digefter;  and  have  thus  poffefled 
powers  of  folution  with  which  we  are  unacquainted. 


8.  BASALTES  AND  GRANITES. 

Another  fource  of  filiceous  flones  is  from  the  granite,  or 
bafaltes,  or  porphyries,  which  are  of  different  hardneffes  ac- 
cording to  the  materials  of  their  compofition,  or  to  the  fire 
they  have  undergone ; fuch  are  the  ftones  of  Arthur’s-hill 
near  Edinburgh,  of  the  Giant’s  Caufeway  in  Ireland,  and  of 
Charnwood  Foreft  in  Leicefterfhire ; theuppermoft  ftratum 
of  which  laft  feems  to  have  been  cracked  either  by  its  eleva- 
tion, or  by  its  haftily  cooling  after  ignition  by  the  contadl  of 
dews  or  fnows,  and  thus  breaks  into  angular  fragments,  fuch 
as  the  ftreets  of  London  are  paved  with ; or  have  had  their 
angles  rounded  by  attrition  or  by  partial  folution  ; and  have 
thus  formed  the  common  paving  ftones  or  bowlers ; as  well 
as  the  gravel  which  is  often  rolled  into  ftrata  amid  the  fill- 
ceous  fand-beds,  which  are  either  formed  orcollcded  in  the 
fea. 

In  what  manner  fuch  a mafs  of  cryftallized  matter  as  the 
Giant’s  Caufeway,  and  fimilar  columns  of  bafaltes,  could 
have  been  raifed  without  other  volcanic  appearances,  may  be 
a matter  not  cafv  to  comprehend ; but  there  is  another  powc 
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in  nature  befides  that  of  expanfile  vapour  which  may  have 
raifed  fome  materials  which  have  previoully  been  in  igneous 
or  aqueous  folution  ; and  that  is  the  a£t  of  congelation. 
When  the  water  in  the  experiments  above  related  of  Major 
Williams  had  by  congelation  thrown  out  the  plugs  from  the 
bomb-ihells,  a column  of  ice  rofe  from  the  hole  of  the  bomb 
fix  or  eight  inches  high.  Other  bodies  I fufpedt  increafe  in 
bulk  which  crydallize  in  cooling,  as  iron  and  type-metal. 
I remember  pouring  eight  or  ten  pounds  of  melted  brim- 
ftone  into  a pot  to  cool  and  was  furprifed  to  fee  after  a little 
time  a part  of  the  fluid  beneath  break  a hole  in  the  con- 
gealed cruft  above  it,  and  gradually  rife  into  a promontory 
feveral  inches  high  j the  bafaltes  has  many  marks  of  fuflon, 
and  of  cryftallization,  and  may  thence,  as  well  as  many 
other  kinds  of  rock,  as  of  fpar,  marble,  petrofilex,  jafper,  &c. 
have  been  raifed  by  the  powder  of  congelation,  a power  whofe 
quantity  has  not  yet  been  afeertained,  and  perhaps  greater 
and  more  univerfal  than  that  of  vapours  expanded  by  heat. 
Thefe  bafaltic  columns  rife  fometimes  out  of  mountains  of 
granite  itfelf,  as  mentioned  by  Dr.  Beddoes,  (Phil.  Tranfad. 
Vol.  LXXX.)  and  as  they  feem  to  confift  of  fimilar  mate- 
rials more  eompletely  fufed,  there  is  ftill  greater  reafon  to  be- 
lieve them  to  have  been  elevated  in  the  cooling  or  cryftalli- 
fation  of  the  mafs.  See  note  XXIV, 


NOTE  XX.— CLAY. 

Hence  duSiile  Clays  in  wide  expanfion  fpread. 

Soft  as  the  Cygnet's  down,  their  fnoiu- white  led. 

Canto  II.  1.  277* 

The  philofophers,  who  have  attended  to  the  formation  of 
the  earth,  have  acknowledged  two  great  agents  in  producing 
the  various  changes  which  the  terraqueous  globe  has  under 
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gone,  and  thefe  are  water  and  fire.  Some  of  them  have 
perhaps  afcribed  too  much  to  one  of  thefe  great  agents  of 
nature,  and  fome  to  the  other.  They  have  generally  agreed 
that  the  ftratlfication  of  materials  could  only  be  produced 
from  fedlments  or  precipitations,  which  were  prevloufly 
mixed  or  diflblved  in  the  feaj  and  that  whatever  effeds  were 
produced  by  fire  were  performed  afterwards. 

There  is  however  great  difficulty  in  accounting  for  the 
univerfal  ftratification  of  the  folid  globe  of  the  earth  in  this 
manner,  fince  many  of  the  materials,  which  appear  in  ftrata, 
could  not  have  been  fufpended  in  water;  as  the  nodules  of 
flint  in  chalk-beds,  the  extenfive  beds  of  fhells,  and  lafUy 
the  ftrata  of  coal,  clay,  fand,  and  iron-ore,  which  in  moft 
coal-countries  lie  from  five  to  feven  times  alternately  ftratified 
over  each  other,  and  none  of  them  are  foluble  in  water.  Add 
to  this,  if  a folution  of  them  or  a mixture  of  them  in  water 
could  be  fuppofed,  the  caufe  of  that  folution  muft  ceafe  be- 
fore a precipitation  could  commence. 

1.  The  great  maffes  of  lava,  under  the  various  names  of 
granite,  porphyry,  toad-ftone,  moor-ftone,  rag,  and  flate, 
which  conftitute  the  old  world,  may  have  acquired  the  old 
ftratification,  which  fome  of  them  appear  to  poflefs,  by  their 
having  been  formed  by  fucceffive  eruptions  of  a fluid  mafs, 
which  at  different  periods  of  ancient  time  arofe  from  volca- 
nic (hafts  and  covered  each  other,  the  furface  of  the  interior 
mafs  of  lava  would  cool  and  become  folid  before  the  fuper- 
incumbent  ftratum  was  poured  over  it;  to  the  fame  caufe 
may  be  afcribed  their  different  compofitions  and  textures, 
which  are  fcarcely  the  fame  in  any  two  parts  of  the  world. 

2.  The  fl ratifications  of  the  great  maffes  of  lime-ftone, 
which  were  produced  from  fca- fhells,  feem  to  have  been 
formed  by  the  different  times  at  which  the  innumerable 
(hells  were  produced  and  depofited.  A colony  of  echini, 
or  madrepores,  or  cornua  ammonis,  lived  and  perifhed  in 


330 


CLAY. 


Note  XX. 


one  period  of  time ; in  another  a new  colony  of  either  fimi- 
lar  or  different  fhells  lived  and  died  over  the  former  ones, 
producing  a ftratum  of  more  recent  fhells  over  a ftratum  of 
others  which  had  begun  to  petrify  or  to  become  marble ; and 
thus  from  unknown  depths  to  what  are  now  the  fummits 
of  mountains  the  lime-ftone  is  difpofed  in  ftrata  of  varying 
folidily  and  colour.  Thefe  have  afterwards  undergone  vari>- 
ety  of  changes  by  their  folution  and  depofition  from  the 
water  in  which  they  were  immerfed,  or  from  having  been 
expofed  to  great  heat  under  great  preffure,  according  to  the 
ingenious  theory  of  Dr.  Hutton.  Edinb.  Tranfadk.  Vol.  I. 
See  note  XVI. 

3.  In  moft  of  the  coal-countries  of  this  ifland  there  are 
from  five  to  feven  beds  of  coal  ftratificd  with  an  equal  num- 
ber of  beds,  though  of  much  greater  thicknefs,  of  clay  and 
fand-flone,  and  occafionally  of  iron-ores.  In  what  manner 
to  account  for  the  ftratification  of  thefe  materials  feems  to  be 
a problem  of  great  difficulty.  Philofophers  have  generally 
fupposed  that  they  have  been  arranged  by  the  currents  of  the 
fea;  but  confidering  their  infolubility  in  water,  and  their 
almoft  fimilar  fpecific  gravity,  an  accumulation  of  them  in 
fuch  diftindt  beds  from  this  caufe  is  altogether  inconceivable, 
though  fome  coal-countries  bear  marks  of  having  been  at 
feme  time  immerfed  beneath  the  waves  and  railed  again  by 
fubterranean  fires. 

The  higher  and  lower  parts  of  moralfes  were  neceffarily 
produced  at  different  periods  of  time,  fee  Note  XVII.  and 
would  thus  originally  be  formed  in  flrata  of  different  ages. 
For  when  an  old  w'ood  perifhed,  and  produced  a morafs, 
many  centuries  would  elapfe  before  another  wood  could 
grow  and  perifli  again  upon  the  fame  ground,  which  would 
thus  produce  a new  ftratum  of  morafs  over  the  other,  dif- 
fering indeed  principally  in  its  age,  and  perhaps,  as  the 
timber  might  be  different,  in  the  proportions  of  its  compo- 
nent parts. 
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Now  if  we  fuppofe  the  lowermoft  flratum  of  a morafs  be- 
come ignited,  like  fermenting  hay,  (after  whatever  could  be. 
carried  away  by  folulion  in  water  was  gone,)  what  would 
happen?  Certainly  the  inflammable  part,  the  oil,  fulphur, 
or  bitumen,  would  burn  away,  and  be  evaporated  in  air ; 
and  the  fixed  parts  would  be  left,  as  clay,  lime,  and  iron ; 
while  fome  of  the  calcareous  earth  would  join  with  the  fdi- 
ceous  acid,  and  produce  fand,  or  with  the  argillaceoixs 
earth,  and  produce  marl.  Thence  after  many  centuries 
another  bed  would  take  fire,  but  with  lefs  degree  of 
ignition,  and  with  a greater  body  of  morafs  over  it,  what 
then  would  happen?  The  bitumen  and  fulphur  would  rife 
and  might  become  condenfed  under  an  impervious  flratum, 
which  might  not  be  ignited,  and  there  form  coal  of  different 
purities  according  to  its  degree  of  fluidity,  which  would  per- 
^ mit  fome  of  the  clay  to  fubflde  through  it  into  the  place  from 
which  it  was  fublimed. 

Some  centuries  afterwards  another  flmilar  procefs  might 
take  place,  and  either  thicken  the  coal-bed,  or  produce  a 
new  clay-bed,  or  marl,  or  fand,  or  dcpofit  iron  upon  it,  ac- 
cording to  the  concomitant  circumflances  above  men- 
tioned. 

I do  not  mean  to  contend  that  a few  mafles  of  fome  mate- 
rials may  not  have  been  rolled  together  by  currents,  when 
the  mountains  were  much  more  elevated  than  at  prefent  and 
in  confequence  the  rivers  broader  and  more  rapid,  and  the 
ftorms  of  rain  and  wind  greater  both  in  quantity  and  force. 
Some  gravel-beds  may  have  been  thus  wafhed  from  the 
mountains;  and  fome  white  clay  wafhed  from  morafles  into 
valleys  beneath  them;  and  fome  ochres  of  iron  diflblved  and 
again  depoflted  by  water,  and  fome  calcareous  depofitions 
from  water,  (as  the  bank  for  inflance  on  which  fland  the 
houfes  atMallock-bath ;)  but  thefe  are  all  of  ftnall  extent  or 
confequence  compared  to  the  primitive  rocks  of  granite  or 
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porphyry  which  form  the  nucleus  of  the  earth,  or  to  the  im- 
menfe  ftrata  of  lime- Clone  which  cruft  over  the  greateft  part 
of  this  granite  or  porphyry ; or  laftly  to  the  very  extenfive 
beds  of  clay,  marl,  fand-ftone,  coal,  and  iron,  which  were 
probably  for  many  millions  of  years  the  only  parts  of  our 
continents  and  iflands,  which  were  then  elevated  above  the 
level  of  the  fea,  and  which  on  that  account  became  covered 
with  vegetation,  and  thence  acquired  their  later  or  fuper- 
incumbcnt  ftrata,  which  conftitute,  what  fome  have  termed, 
the  new  world. 

There  is  another  fource  of  clay,  and  that  of  the  fined: 
kind,  from  decompofed  granite,  this  is  of  a fnowy  white 
and  mixed  with  fhining  particles  of  mica^  of  this  kind  is  an 
earth  from  the  country  of  the  Cherokees.  Other  kinds  arc 
from  lefs  pure  lavas;  Mr.Ferber  afferts  that  the  fulphureous 
fleams  from  Mount  Vefuvius  convert  the  lava  into  clay. 

The  lavas  of  the  ancient  Solfatara  volcano  have  been 
undoubtedly  of  a vitreous  nature,  and  thefe  appear  at  prefent 
argillaceous.  Some  fragments  of  this  lava  are  but  half  or  at 
one  fide  changed  into  clay,  which  either  is  vifcid  or  du£lile, 
or  hard  and  ftony.  Clays  by  fire  are  deprived  of  their  cohe- 
rent quality,  which  cannot  be  reftored  to  them  by  pulveri- 
zation, nor  by  humedation.  But  the  fulphureous  Solfatara 
fleams  reflore  it,  as  may  be  cafily  obferved  on  the  broken 
pots  wherein  they  gather  the  fal  ammoniac;  though  very 
well  baked  and  burnt  at  Naples  they  are  mollified  again  by 
the  acid  fleams  into  a vifcid  clay,  which  keeps  the  former 
fire-burnt  colour.’^  Travels  in  Italy,  p.  156. 
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Smear'd  her  huge  dragons  wiih  metallic  hues, 

With  golden  purples,  and  colaltic  Hues', 

Canto  II.  I.  287. 

The  fine  bright  purples  or  rofe  colours  which  we  fee  on 
china  cups  are  not  producible  with  any  other  material 
except  gold  ; manganefe  indeed  gives  a purple,  but  of  a very 
different  kind. 

In  Europe  the  application  of  gold  to  thefe  purpofes  ap- 
pears to  be  of  modern  invention.  Caffius’s  difcovery  of  the 
precipitate  of  gold  by  tin,  and  the  ufe  of  that  precipitate  for 
cx>louring  glafs  and  enamels,  are  now  generally  known,  but 
though  the  precipitate  with  tin  be  more  fuccefsful  in  pro- 
ducing the  ruby  glafs,  or  the  colourlefs  glafs  which  becomes 
red  by  fubfequent  ignition,  the  tin  probably  contributing  to 
prevent  the  gold  from  feparating,  which  it  is  very  liable  to 
do  during  thefufion;  yet,  for  enamels,  the  precipitates  made 
by  alcaline  falts  anfwer  equally  well,  and  give  a finer  red, 
the  colour  produced  by  the  tin  precipitate  being  a bluiflt 
purple,  but  with  the  others  a rofe  red.  I am  informed  that 
fome  of  our  beft  artifts  prefer  aurum  fulminans,  mixing  it, 
before  it  has  become  dry,  with  the  white  compofition  or 
enamel  flux : when  once  it  is  divided  by  the  other  matter,  it 
Is  ground  with  great  fafety,  and  without  the  leaf!  danger  of 
explofion,  whether  moift  or  dry.  The  colour  is  remarkably 
improved  and  brought  forth  by  long  grinding,  which  ac- 
cordingly makes  an  effential  circumftance  in  the  procefs. 

The  precipitates  of  gold,  and  the  colcothar  or  other  red 
preparations  of  iron,  are  called  tender  colours.  The  heat 
muft  be  no  greater  than  is  juft  fufficient  to  make  the  enamel 
run  upon  the  piece,  for  if  greater,  the  colours  will  be  de- 
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ftroycti  or  changed  lo  a different  kind.  When  the  vitreous 
matter  has  juft  become  fluid  it  feems  as  if  the  coloured  me- 
tallic calx  remained  barely  intermixed  with  it,  like  a coloured 
pow'der  of  exquifite  tenuity  fufpended  in  water:  but  by 
ftronger  fire  the  calx  is  dijjolved^  and  metallic  colours  are 
altered  by  folution  in  glafs  as  well  as  in  acids  or  alkalies. 

The  Saxon  mines  have  till  very  lately  almoft  exclufively 
fupplied  the  reft  of  Europe  with  cobalt,  or  rather  with  its 
preparations,  zaffre  and  fmalt,  for  the  exportation  of  the 
ore  itfelf  is  there  a capital  crime.  Hungary,  Spain,  Sweden, 
andfome  other  parts  of  the  continent,  are  now  faid  to  afford 
cobalts  equal  to  the  Saxon,  and  fpecimens  have  been  dif- 
covered  in  our  own  iflaiid,  both  in  Cornwall  and  in  Scot- 
land ; but  hitherto  in  no  great  quantity. 

Calces  of  cobalt  and  of  copper  differ  very  materially  from 
thofe  above  mentioned  in  their  application  for  colouring 
enamels.  In  thofe  the  calx  has  previouly  acquired  the  in- 
tended colour,  a colour  which  bears  a red  heat  without  in- 
jury, and  all  that  remains  is  to  fix  it  on  the  piece  by  a 
vitreous  flux.  But  the  blue  colour  of  cobalt,  and  the  green 
or  bluifli  green  of  copper,  are  produced  by  vitrification,  that 
is  by  folution  in  the  glafs,  and  a ftrong  fire  is  neceffary  for 
their  perfe61ion.  Thcfe  calces,  therefore,  when  mixed  with 
the  enamel  flux,  are  melted  in  crucibles,  once  or  oftener, 
and  the  deep-coloured  opake  glafs,  thence  rcfulting,  is 
ground  into  Impalpable  powder,  and  ufed  for  enamel.  One 
part  of  either  of  thefe  calces  is  put  to  ten,  fixteen,  or  twenty 
parts  of  the  flux,  according  to  the  depth  of  colour  required. 
The  heat  of  the  enamel  kiln  is  only  a full  red,  fuch  as 
is  marked  on  Mr.  Wedgwood’s  thermometer  6 degrees. 
It  is  therefore  neceffary  that  the  flux  be  fo  adjufted  as  to 
melt  in  that  low  heat.  The  ufual  materials  are  flint,  or 
flint-gkfs,  with  a due  proportion  of  red.  lead,  or  borax,  or 
both,  and  fometimes  a little  tin  calx  to  give  opacity. 
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Ka-o-Un  is  the  name  given  by  the  Chinefe  to  their  por- 
celain clay,  and  pe-tun-tje  to  the  other  ingredient  in  their 
China  ware.  Specimens  of  both  thefe  have  been  brought 
iitto  England,  and  found  to  agree  in  quality  with  fome  of 
our  own  materials.  Kaolin  is  the  very  fame  with  the  clay 
called  in  Cornwall  and  the  petuntfe  is  a granite 

fimilar  to  the  Cornifh  moorftone.  There  are  differences, 
both  in  the  Chinefe  petuntfes,  and  the  Englifli  moorftones; 
all  of  them  contain  micaceous  and  quartzy  particles,  in 
greater  or  lefs  quantity,  along  with  fcltfpar,  which  laft 
the  effential  ingredient  for  the  porcelain  manufa6lory.  The 
The  only  injurious  material  commonly  found  in  them  is 
iron,  which  difcolours  the  ware  in  proportion  to  its  quantity, 
and  which  our  moorftones  are  perhaps  more  frequently 
tainted  with  than  the  Chjnefe.  Very  fine  porcelain  has 
been  made  from  Englifh  materials,  but  the  nature  of  the 
manufa6fure  renders  the  procefs  precarious  and  the  profit 
hazardous ; for  the  femivitrification,  which  conflitutes  por- 
celain, is  neceffarily  accompanied  with  a degree  of  foftncfe, 
or  femifufion',  fo  that  the  veffels  are  liable  to  have  their 
forms  altered  in  the  kiln,  or  to  run  together  with  any  acci- 
dental augmentations  of  the  fire. 
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Or  hid  Mortalitij  rejoice  and  mourn 

O'er  the  Jine  forms  of  Portland's  myjlic  urn. 

Canto  II.  1.  319. 

The  celebrated  funeral  vafe,  long  in  pofTeffion  of  the 
Barberini  family,  and  lately  purchafed  by  the  Duke  of 
Portland  for  a thoufand  guineas,  is  about  ten  inches  high 
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and  fix  In  diameter  In  the  broadeft  part.  The  figures  are 
of  moft  exqulfite  workmanfhip  In  has  relief  of  white  opake 
glafs,  ralfed  on  a ground  of  deep  blue  glafs,  which  appears 
black  except  when  held  againfl:  the  light.  Mr.  Wedgwood 
is  of  opinion  from  many  circumftances  that  the  figures  have 
been  made  by  cutting  away  the  external  crufl:  of  white 
opake  glafs,  In  the  manner  the  fined  cameos  have  been 
produced,  and  that  It  mud  thence  have  been  the  labour  of 
a great  many  years.  Some  antiquarians  have  placed  the 
time  of  its  produ6Hon  many  centuries  before  the  chrldian 
ffira;  as  fculpture  was  fald  to  have  been  declining  In  refpcifl 
to  Its  excellence  In  the  time  of  Alexander  the  Great.  See 
an  account  of  the  Barberini  or  Portland  vafe  by  M.  D’Han- 

carville,  and  by  Mr.  Wedgwood. 

Many  opinions  and  conjeftures  have  been  publidied  con- 
cernino-  the  figures  on  this  celebrated  vafe.  Having  care- 
fully examined  one  of  Mr.  Wedgwood’s  beautiful  copies 
of  this  wonderful  prodiuSlion  of  art,  I fliall  add  one  more 
conjefture  to  the  number. 

Mr.  Wedgwood  has  well  obferved  that  It  does  not  feem 
probable  tha't  the  Portland  vafe  was  purpofely  made  for  the 
afhes  of  any  particular  perfon  deceafed,  becaufe  many  years 
mud  have  been  necedary  for  its  produdlion.  Hence  it  may 
be  concluded,  that  the  fubjea  of  its  enibcllifhments  is  not 
private  hifiory  but  of  a general  nature.  This  fubjed  ap- 
pears to  me  to  be  well  chofen,  and  the  dory  to  be  finely  told, 
and  that  It  reprefents  what  in  ancient  times  engaged  the 
attention  of  philofophers,  poets,  and  heroes,  I mean  a part 
of  the  Eleufinian  myfterles. 

Thefe  myderies  were  invented  in  ^Eg^’pt,  and  afterw'^ards 
transferred  to  Greece,  and  flouridied  more  particularly  at 
Athens,  which  was  at  the  fame  time  the  feat  of  the  fine  arts. 
They  confided  of  fcenical  exhibitions  reprefentiiig  and  in- 
culcating the  expeclalion  of  a future  life  after  death,  and  on 
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this  account  were  encouraged  by  the  government,  infomuch 
that  the  Athenian  laws  punifhed  a difcovery  of  their  fecrets 
with  death.  Dr.Warburton  has  with  great  learning  and 
ingenuity  fhewn  that  the  defcent  of  ^neas  into  hell, 
defcribed  in  the  Sixth  Book  of  Virgil,  is  a poetical  account 
of  the  reprefentations  of  the  future  Hate  in  the  Eleufmian 
myfleries.  Divine  Legation,  Vol.  I.  p.  210. 

And  though  fome  writers  have  diftered  in  opinion  from 
Dr,  Warburton  on  this  fubjedl,  becaufe  Virgil  has  intro- 
duced fome  of  his  own  heroes  into  the  Elyfian  fields,  as 
Deiphobus,  Palinurus,  and  Dido,  in  the  fame  manner  as 
Homer  had  done  before  him,  yet  it  is  agreed  that  the  re- 
ceived notions  about  a future  ftate  were  exhibited  in  thefe 
myfleries;  and  as  thefe  poets  defcribed  thofe  received  notions, 
they  may  be  faid,  as  far  as  thefe  religious  doRrines  were 
concerned,  to  have  defcribed  the  myfteries. 

Now  as  thefe  were  emblematic  exhibitions  they  mufl;  have 
been  as  well  adapted  to  the  purpofes  of  fculpture  as  of 
poetry,  which  indeed  does  not  feem  to  have  been  uncom- 
mon, fince  one  compartment  of  figures  in  the  fliield  of 
^neas,  reprefented  the  regions  of  Tartarus.  ./En.  Lib.X. 
The  procefiion  of  torches,  which  according  to  M.  De  St. 
Croix  was  exhibited  in  thefe  myfteries,  is  flill  to  be  feen  iu 
baflb  relievo,  difeovered  by  Spon  and  Wheeler.  Memo! res 
fur  les  Myfteres  par  De  St.  Croix,  17S1.  And  it  is  very 
probable  that  the  beautiful  gem  reprefenling  the  marriaffe 
of  Cupid  and  Pfyehe,  as  defcribed  by  Apuleius,  was  ori- 
ginally deferiptive  of  another  part  of  the  exhibitions  in 
thefe  myfteries,  though  afterwards  it  became  a common 
lubjeef  of  ancient  art.  See  Divine  Legat.  Vol.  I.  p.S23. 
What  fubje6l  could  have  been  imagined  fo  fublimc  for  the 
ornaments  of  a funeral  urn  as  the  mortality  of  all  things 
and  their  refufeitation  ? Where  could  the  defigner  be  fup- 
Vol.  I.  Z 
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plied  with  emblems  for  this  purpofe,  before  the  Chriftian 
acra,  but  from  the  Eleufmian  myfteries? 

1.  The  exhibitions  of  the  myfteries  were  of  two  kinds, 
thofe  which  the  people  were  permitted  to  fee,  and  thofe 
which  were  only  fhewn  to  the  initiated.  Concerning  the 
latter,  Ariftides  calls  them  ^‘the  nioft  fhocking  and  moft; 
raviftiing  reju'efentations.^’  And  Stobaeus  afterts  that  the 
initiation  into  the  grand  myfteries  exa6lly  refcmbles  death. 
Divine  Legat.  Vol.  I.  p.  280,  and  p.  272.  And  Virgil, 
in  his  entrance  to  the  ftiades  below,  amongft  other  things 
of  terrible  form,  mentions  death.  ^En.  VI.  This  part  of 
the  exhibition  feems  to  be  reprefented  in  one  of  the  com- 
partments of  the  Portland  vafe. 

Three  figures  of  exquifite  workmanftiip  are  placed  by  the 
fide  of  a ruined  column  whofe  capital  is  fallen  off,  and  lies 
at  their  feet  with  other  disjointed  ftones  j they  fit  on  loofc 
piles  of  ftone  beneath  a tree,  which  has  not  the  leaves  of 
any  evergreen  of  this  climate,  but  may  be  fuppofed  to  be 
an  dm,  which  Virgil  places  near  the  entrance  of  the  infer- 
nal regions,  and  adds,  that  a dream  was  believed  to  dwell 
under'^every  leaf  of  it.  JEn.  VI.  1.  281.  In  the  midft  of 
this  group  reclines  a female  figure  in  a dying  attitude,  in 
which  extreme  languor  is  beautifully  reprefented:  in  her 
hand  is  an  inverted  torch,  an  antient  emblem  of  extin- 
guifhed  lifej  the  elbow  of  the  fame  arm  refting  on  a ftone 
fupports  her  as  ftie  fmks,  while  the  other  hand  is  raifed  and 
thrown  over  her  drooping  head,  in  fome  meafure  fuftaining 
it,  and  gives  with  great  art  the  idea  of  fainting  laflitude. 
On  the  right  of  her  fits  a man,  and  on  the  left  a woman, 
both  fupporting  themfelves  on  their  arms,  as  people  are 
liable  to  do  when  they  arc  thinking  intenfely.  They  have 
their  backs  towards  the  dying  figure,  yet  with  their  faces 
turned  towards  her,  as  if  ferioufly  contemplating  her 
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fituation,  bat  without  ftretching  out  their  hands  to  affift 
her. 

This  central  figure  then  appears  to  me  to  be  an  hierogly- 
phic or  Eleafinian  emblem  of  mortal  life,  that  is,  the 
Icthum,  or  death,  mentioned  by  Virgil  amongft  the  terrible 
things  exhibited  at  the  beginning  of  the  myfienes.  The 
inverted  torch  fhews  the  figure  to  be  emblematic;  if  it  had 
been  defigned  to  reprefent  a real  perfon  in  the  aT  of  dying 
there  had  been  no  neceflity  for  the  expiring  torch,  as  the 
dying  figure  alone  would  have  been  fufficiently  intelligible;— 
it  would  have  been  as  abfurd  as  to  have  put  an  inverted 
torch  into  the  hand  of  a real  perfon  at  the  time  of  his  ex- 
piring. Befides,  if  this  figure  had  reprefented  a real  dying 
► perfon,  would  not  the  other  figures,  or  one  of  them  at  leafi, 

’ have  (Iretchcd  out  a hand  to  fupport  her,  to  have  eafed  her 
fall  among  loofe  ftones,  or  to  have  fnioothed  her  pillow? 
Thefe  circumftances  evince  that  the  figure  is  an  emblem, 
and  therefore  could  not  be  a reprefentation  of  the  private 
hiftory  of  any  particular  family  or  event. 

The  man  and  woman  on  each  fide  of  the  dying  figure 
muft  be  confidered  as  emblems,  both  from  their  hmilarity 
of  fituation  and  drefs  to  the  middle  figure,  and  their  being 
grouped  along  with  it.  Thefe  I think  are  hieroglyphic  or 
Eleufinian  emblems  of  humankind,  with  the  backs  to- 
ward the  dying  figure  of  mortal  life,  unwilling  to  afib- 
ciate  with  her,  yet  turning  back  their  ferious  and  attentive 
countenances,  curious  indeed  to  behold,  yet  forry  to  con- 
\ template  their  latter  end.  Thefe  figures  bring  hrongly  to 
ones  mind  the  Adam  and  Eve  of  facred  writ,  whom  fome 
' have  fuppofed  to  have  been  allegorical  or  hieroglyphic  per- 
fons  of  Egyptian  origin,  but  of  more  antient  date,  amongft 
whom  I think  is  Dr.  Warburton.  According  to  this 
opinion  Adam  and  Eve  were  the  names  of  two  hieroglyphic 
figures  reprefenting  the  early  ftate  of  mankind;  Abel  was 
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the  name  of  an  hieroglyphic  figure  reprefenting  the  age  of 
palUirage,  and  Cain  the  name  of  another  hieroglyphic  fym- 
bol  reprefenting  the  age  of  agnculturCj  at  which  time  the 
nfes  of  iron  were  difcovercd.  And  as  the  people  who  culti- 
vated the  earth  and  built  houfcs  would  increafe  in  numbers 
much  fafler  by  their  greater  produflion  of  food,  they  would 
readily  conquer  or  dellroy  the  people  who  were  fullained  by 
pafturage,  which  was  typified  by  Cain  flaying  Abel. 

2.  Oil  the  other  compartment  of  this  celebrated  vafe  is 
exhibited  an  emblem  of  immortality,  the  reprefentation  of 
which  was  well  known  to  conftitute  a very  principal  part  of 
the  fliews  at  the  Eleufmian  myfleries,  as  Dr.  Warburton  has 
proved  by  variety  of  authority.  The  habitation  of  fpirlts  or 
ghofls  after  death  was  fuppofed  by  the  antients  to  be  placed 
beneath  the  earth,  where  Pluto  reigned,  and  difpenfed  re- 
wards or  punifhments.  Hence  the  firft  figure  in  this  group 
is  of  the  MANES  or  ghost,  who  having  pafled  through  an 
open  portal  is  defeending  into  a dufky  region,  pointing  his 
toe  with  timid  and  unftcady  flep,  feeling  as  it  were  his  way 
in  the  gloom.  This  portal  ^neas  enters,  which  is  deferibed 
by  Virgil,— patet  atri  janua  Ditis,  ./En.  VI.  1.  12t3  ; as  well 

astheelfydcfcent,— facilisdefcenfusAvernl.  lb.  Thedark- 

nefs  at  the  entrance  to  the  fhadcs  is  humoroufly  deferibed 
by  Lucian. 'Div.  Lcgat.  Vol.  L p.G41.  And  the  horror  of 
the  gates  of  hell  was  in  the  time  of  Homer  become  a pro- 
verb ; Achilles  fays  to  Ulyffes,  “ I hate  a liar  worfe  than  the 
gates  of  hell the  fame  expreflion  is  ufed  in  Ifaiah,  ch. 
xxxviil.  V.  10.  The  masses  or  ghost  appears  lingering 
and  fearful,  and  wifhes  to  drag  after  him  a part  of  his  mor- 
tal garment,  which  however  adheres  to  the  fide  of  the  portal 
through  which  he  has  pafled.  The  beauty  of  this  allegory 
would  have  been  exprefled  by  Mr.  Pope,  by  ‘‘We  feel  tho 
ruling  paflloii  flrong  in  death.”  A little  lower  down  in  the 
group  the  manes  or  ghofl  is  received  by  a beautiful  female, 
afvmbol  of  immortal  life.  This  is  evinced  by  her 
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fondling  between  her  knees  a large  and  playful  ferpent, 
which  from  its  annually  renewing  its  external  {kin  has  from 
great  antiquity,  even  as  early  as  the  fable  of  Prometheus, 
been  elleemed  an  emblem  of  renovated  youth.  The  flory 
of  the  ferpent  acquiring  immortal  life  from  the  afs  of  Pro- 
metheus, who  carried  it  on  his  back,  is  told  in  Bacon’s 
Works,  Vol.  V.  p.  46-2:  Quarto  edit.  Loud  1778.  Fora 
fimilar  purpofe  a ferpent  was  wrapped  round  the  large  hiero- 
glyphic egg  in  the  temple  of  Diofcuri,  as  an  emblem  ot  the 
renewal  of  life  from  a ftate  of  death,  Bryant’s  Mythology, 
Vol.  II.  p.  359,  fee.  edit.  On  this  account  alfo  the  ferpent 
was  an  attendant  on  ,/Efculapius,  which  feems  to  have  been 
the  name  of  the  hieroglyphic  figure  of  medicine.  This  fer- 
pent (hews  this  figure  to  be  an  emblem,  as  the  torch  {hewed 
the  central  figure  of  the  other  compartment  to  be  an  emblem, 
hence  they  agreeably  correfpond,  and  explain  each  other, 
one  reprefenting  mortal  lifp:,  and  the  other  immor- 
tal LIFE. 

This  emblematic  fiffure  of  Immortal  Life  fits  down  with 
her  feet  towards  the  figure  of  Pluto,  but,  turning  back  her 
face  towards  the  timid  ghofl:,  (he  ftretches  forth  her  hand, 
and  taking  hold  of  his  elbow,  fupports  his  tottering  Heps,  as 
well  as  encourages  him  to  advance;  both  which  circum- 
flanccs  are  thus  with  wonderful  ingenuity  brought  to  the 
eye.  At  the  fame  time  the  fpirit  loofely  lays  his  hand  upon 
her  arm,  as  one  walking  in  the  dark  would  naturally  do  for 
the  greater  certainty  of  following  his  condudirefs,  while  the 
general  part  of  the  fymbol  of  immortal  life,  being 
turned  toward  the  figure  of  Pluto,  ihews  that  {lie  is  leading 
the  phantom  to  his  realms. 

In  the  Pamphili  gardens  at  Rome,  Perfeus  in  alfifiing 
Andromeda  to  defeend  from  the  rock  takes  hold  of  her 
elbow  to  Heady  or  fupport  her  Hep,  and  Hie  lays  her  hand 
loofely  on  his  arm  as  in  this  figure.  Adniir.  Roman.  Antiq. 
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The  figure  of  Pluto  cannot  be  naifiaken,  as  is  agreed 
by  moft  of  the  writers  who  have  mentioned  this  vafej  his 
grifly  beard,  and  his  having  one  foot  buried  in  the  earth, 
denotes  the  infernal  monarch.  He  is  placed  at  the  lowdt 
part  of  the  group,  and  refting  his  chin  on  his  hand,  and 
his  arm  upon  his  knee,  receives  the  ftranger-fpirit  with 
inquifitive  attention;  it  was  before  obferved  that  when 
people  think  attentively  they  naturally  reft  their  bodies  in  fome 
eafy  attitude,  that  more  animal  power  may  be  employed  on 
the  thinking  faculty.  In  this  group  of  figures  there  is  great 
art  (hewn  in  giving  an  idea  of  a defeending  plain,  viz.  from 
earth  to  Elyfium,  and  yet  all  the  figures  are  in  reality  on  a 
horizontal  one,  T.his  wonderful  deception  is  produced  firft 
by  the  defeending  ftep  of  the  manes  or  ghoft ; fecondly,  by 
the  arm  of  the  fitting  figure  of  Immortal  Life  being  railed  up 
to  receive  him  as  he  defeends : and  laflly,  by  Pluto  having 
one  foot  funk  into  the  earth. 

I'here  is  yet  another  figure  which  is  concerned  in  con- 
ducing the  manes  or  ghoft  to  the  realms  of  Pluto,  and  this 
is  Love.  He  precedes  the  defeending  fpirit  on  expanded 
wings,  lights  him  with  his  torch,  and  turning  back  his 
beautiful  countenance  beckons  him  to  advance.  The  antient 
god  of  love  was  of  much  higher  dignity  than  the  modern 
Cupid.  He  was  the  firft  that  came  out  of  the  great  egg  of 
night,  (Hefiod.  Theog.  V.  CXX.  Bryant’s  Mythol.  Vol.  II. 
p.  348,)  and  is  faid  to  poflefs  the  keys  of  the  fky,  fea,  and 
earth.  As  he  therefore  led  the  way  into  this  life,  he  feems 
to  conftitute  a proper  emblem  for  leading  the  way  to  a future 
life.  See  Bacon’s  Works,  Vol.  I.  p.  568.  and  Vol.  III. 
p.  582.  Quarto  edit. 

The  introduCion  of  Love  into  this  part  of  the  myfteries 
requires  a little  further  explanation.  The  Pfyche  of  the 
.Egyptians  was  one  of  their  moft  favourite  emblems,  and 
reprefented  the  foul,  or  a future  life;  it  was  originally  no 
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other  than  the  aurelia,  or  butterfly,  but  in  after  times  was 
reprefented  by  a lovely  female  child  with  the  beautiful  wings 
of  that  infedt.  The  aurelia,  after  its  firfl:  Rage  as  an  eruca, 
or  caterpillar,  lies  for  a feafon  in  a manner  dead,  and  is  en- 
clofed  in  a fort  of  coffin ; in  this  Rate  of  darknefs  it  remains 
all  the  winter,  but  at  the  return  of  fpring  it  burRs  its  bonds 
and  comes  out  with  new  life,  and  in  the  moR  beautiful  at- 
tire. The  Egyptians  thought  this  a very  proper  picture  of 
the  foul  of  man,  and  of  the  immortality  to  which  it  afpircd. 
But  as  this  was  all  owing  to  Divine  Love,  of  which  Eros 
was  an  emblem,  we  find  this  perfon  frequently  introduced  as 
a concomitant  of  the  foul  in  general,  or  Pfyehe.  Bryant's 
Mythol.  Vol.  II.  p.  386.)  Eros,  or  Divine  Love,  is  for  the 
fame  reafon  a proper  attendant  on  the  manes  or  foul  after 
death,  and  much  contributes  to  tell  the  Rory;  that  is,  to  Riew 
that  a foul  or  manes  is  defigned  by  the  defeending  figure. 
From  this  figure  of  Love  M.  D’Hancarville  imagines  that 
Orpheus  and  Eurydice  are  typified  under  the  figure  of  the 
manes  and  Immortal  Life  as  above  deferibed.  It  may  be 
fufficient  to  anfwer,  firR,  that  Orpheus  is  always  reprefented 
with  a lyre,  of  which  there  are  prints  of  four  different  gems 
in  Spence’s  Polymetis,  and  Virgil  fo  defcrlbes  him,  JEn.  VI. 
cythara  fretus.  And,  fecondly,  that  it  is  abfurd  to  fuppofe 
that  Eurydice  was  fondling  and  playing  with  a ferpent  that 
had  flain  her.  Add  to  this  that  Love  feems  to  have  been  an 
inhabitant  of  the  infernal  regions,  as  exhibited  in  the  myf- 
teries  ; for  Claudian,  who  treats  more  openly  of  the  EleuR- 
nian  myReries,  when  they  were  held  in  lefs  veneration,  in- 
vokes the  deities  to  difclofe  to  him  their  fecrets,  and  amongR 
other  things  by  what  torch  Love  foftens  Pluto. 

Dii,  quihus  in  numerum,  &c. 

Vos  mihi  facrarum  penetralia  pandite  rerum, 

Et  veRri  fecreta  poli,  qua  lampade  Ditem 

Flexit  Amor. 
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In  this  compartment  there  are  two  trees,  whole  branches 
fpread  over  the  figures,  one  of  them  has  fmoother  leaves  like 
fome  evergreens,  and  might  thence  be  fuppofcd  to  have  fome 
allulion  to  immortality,  but  they  may  perhaps  have  been  de- 
figned  only  as  ornaments,  or  to  relieve  the  figures,  or  becaufe 
it  was  in  groves,  where  thefe  myfteries  were  originally  cele- 
brated. Thus  Homer  fpeaks  of  the  woods  of  Proferpine, 
and  mentions  many  trees  in  Tartarus,  as  prefenting  their 
fruits  to  Tantalus ; Virgil  fpeaks  of  the  pleafant  groves  of 
Elyfium ; and  in  Spence’s  Polymetis  there  are  prints  of  two 
antient  gems,  one  of  Orpheus  charming  Cerberus  with  his 
lyre,  and  the  other  of  Hercules  binding  him  in  a cord,  each 
of  them  {landing  by  a tree,  Polymet.  p.  284.  As  however 
thefe  trees  have  all  different  foliage  fo  clearly  marked  by  the 
artifl,  they  may  have  had  fpecific  meanings  in  the  exhibitions 
of  the  myfleries,  which  have  not  reached  pofterity  : of  this 
Jcind  feem  to  have  been  the  tree  of  knowledge  of  good  and 
evil,  and  the  tree  of  life,  in  facred  writ,  both  which  muft 
have  been  emblematic  or  allegorical.  The  malks,  hanging 
to  the  handles  of  the  vafe,  feem  to  indicate  that  there  is  a 
concealed  meaning  in  the  figures  befides  their  general  appear- 
ance. And  the  prieflefs  at  the  bottom,  which  I come  now 
to  defcribe,  feems  to  fhew  this  concealed  meaning  to  be  of 
the  facred  or  Eleufmian  kind. 

3,  The  figure  on  the  bottom  of  the  vafe  is  on  a larger 
fcale  than  the  others,  and  Icfs  finely  finiflied,  and  lefs  ele- 
vated i and  as  this  bottom  part  was  afterwards  cemented  to  the 
upper  part,  it  might  be  executed  by  another  artifl  for  the 
fake  of  expedition;  but  there  feems  no  rcafon  to  fuppofe  that 
it  was  not  originally  defigned  for  the  upper  part  of  it  as  fome 
have  conje6lured.  As  the  myfleries  of  Ceres  were  celeb  rated 
by  female  priefls,  for  Porphyrius  fays  the  antients  called  the 
prielleffes  of  Ceres,  Meliffai,  or  bees,  which  were  emblems 
of  chaflity,  Div.  Leg.  Yol.  I.  p.  235  j and  as,  in  his  Satire 
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againft  the  fex,  Juvenal  fays,  that  few  women  are  worthy  to 
be  priefteffes  of  Ceres,  Sat.  VI.  the  figure  at  the  bottom  of 
the  vafe  would  feem  to  reprefent  a priestess  or  hiero- 
phant, whofe  office  it  was  to  introduce  the  initiated,  and 
point  out  to  them,  andexplain  theexhibitions  in  the  myfienes, 
and  to  exclude  the  uninitiated,  calling  out  to  them,  “ Far, 
far  retire,  ye  profane  1’^  and  to  guard  thefecrets  of  the  tem- 
ple. Thus  the  introduflory  hymn  fung  by  the  hierophant, 
according  to  Eufebius,  begins,  « I will  declare  a fccret  to  the 
initiated,  but  let  the  doors  be  Ihut  againll:  the  profane.’’ 
Div.  Lcs.  Vol.  I.  p.  171.  The  prieftefs  or  hierophant  ap- 
pears in  this  figure  with  a clofe  hood,  and  drelfed  in  linen, 
which  fits  clofe  about  her;  except  a light  cloak,  which  flut- 
ters in  the  wind.  Wool,  as  taken  from  flaughtered  animals, 
was  efteemed  profane  by  the  priefts  of  Egypt,  who  were  al- 
ways drefled  in  linen.  Apuleius,  p.  64.  Div.  Leg.  Vol.  I. 
p.  318.  Thus  Eli  made  for  Samuel  a linen  ephod. 

Samuel  i.  3. 

Secrecy  was  the  foundation  on  which  all  myfleries  refted, 
when  publicly  known  they  ceafed  to  be  myfleries ; hence  a 
difeovery  of  them  was  not  only  puniflied  with  death  by  the 
Athenian  law,  but  in  other  countries  a difgrace  attended  the 
breach  of  a folemn  oath.  The  prieftefs  in  the  figure  before 
us  has  her  finger  pointing  to  her  lips  as  an  emblem  of  filence. 
There  is  a figure  of  Harpocrates,  who  was  of  Egyptian  origin, 
the  fame  as  Orus,  with  the  lotus  on  his  head,  and  with  his 
finger  pointing  to  his  lips,  not  prefled  upon  them,  in  Bryant’s 
Mythol.  Vol.  II.  p.  398,  and  another  female  figure  flanding 
on  a lotus,  as  if  juft  rifen  from  the  Nile,  with  her  finger  in 
the  fame  attitude : thefe  feem  to  have  been  rcprefenlations  or 
emblems  of  male  and  female  priefts  of  the  fecrct  myfleries. 
As  thefe  forts  of  emblems  were  frequently  changed  by  artifts 
for  their  more  elegant  exhibition,  it  is  poffible  the  foliage 
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over  the  head  of  this  figure  may  bear  fome  analogy  to  the 
lotus  above  mentioned. 

This  figure  of  fecrecy  fcems  to  be  here  placed,  with  great 
ingenuity,  as  a caution  to  the  initiated,  who  might  under- 
(land  the  meaning  of  the  emblems  round  the  vafe,  not  to 
divulge  it.  And  this  circumftance  feems  to  account  for 
there  being  no  written  explanation  extant,  and  no  tradition 
concerning  thefc  beautiful  figures  handed  down  to  us  along 
with  them. 

Another  explanation  of  this  figure  at  the  bottom  of  the 
vafe  would  feem  to  confirm  the  idea  that  the  baffo-relievos 
round  its  fides  are  reprefentations  of  a part  of  the  myfteries; 
I mean  that  it  is  the  head  of  Axis.  Lucian  fays  that  Atis 
was  a young  man  of  Phrygia,  of  uncommon  beauty,  that  he 
dedicated  a temple  in  Syria  to  Rhea,  or  Cybele,  and  firft 
taught  her  myfteries  to  the  Lydians,  Phrygians,  and  Sanio- 
thracians,  which  myfteries  he  brought  from  India.  He  was 
afterwards  made  an  eunuch  by  Rhea,  and  lived  like  a woman, 
and  afflimed  a feminine  habit,  and  in  that  garb  went  over 
the  world  teaching  her  ceremonies  and  myfteries.  Di(£l. 
par  M.  Danet,  art.  Atis.  As  this  figure  is  covered  with 
clothes,  while  thofe  on  the  fides  of  the  vafe  are  naked,  and 
has  a Phrygian  cap  on  the  head,  and  as  the  form  and  features 
are  fo  foft,  that  it  is  difficult  to  fay  whether  it  be  a male  or 
female  figure,  there  is  reafon  to  conclude,  1.  that  it  has  re- 
ference to  fome  particular  perfon  of  fome  particular  country ; 
2.  that  this  perfon  is  Atis,  the  firft  great  hierophant,  or 
teacher  of  myfteries,  to  whom  M.  De  la  Chaufle  fays 
the  figure  itfelf  bears  a refemblancc.  Mufco.  Capitol. 
Tom.  IV.  p.  402. 

In  the  Mufeum  Etrufcum,  Vol.  I.  plate  96^  there  is  the 
head  of  Atis  with  feminine  features,  clothed  with  a Phrygian 
cap  and  rifing  from  very  broad  foliage,  placed  on  a kind  of 
term  fupported  by  the  paw  of  a lion.  Goreus  in  his  expla- 
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nation  of  the  figure  fays  that  it  is  placed  on  a lion’s  foot  be- 
caufe  that  animal  was  facred  to  Cybele,  and  that  it  nfes  from 
very  broad  leaves,  becaufe  after  he  became  an  eunuch  he 
determined  to  dwell  in  the  groves.  Thus  the  foliage,  as 
well  as  the  cap  and  feminine  features,  confirm  the  idea  of 
this  figure  at  the  bottom  of  the  vafereprefenting  the  head  of 
Atis,  the  firfi  great  hierophant,  and  that  the  figures  on 
the  fidcs  of  the  vafe  are  emblems  from  the  antient  myfte- 

ries. 

I beg  leave  to  add  that  it  does  not  appear  to  have  been 
uncommon  amongft  the  antlents  to  put  allegorical  figures 
on  funeral  vafes.  In  the  Pamphili  palace  at  Rome  there  is 
an  elaborate  reprefentation  of  Life  and  Death,  on  an  aniicnt 
farcophagus.  In  the  firft  Prometheus  is  reprefentcd  making 
man,  and  Minerva  is  placing  a butterfly,  or  the  foul,  upon 
his  head.  In  the  other  compartment  Love  extlnguillies  his 
torch  in  the  bofom  of  the  dying  figure,  and  is  receiving  the 
butterfly,  or  Pfyche,  from  him,  with  a great  number  of  com- 
plicated emblematic  figures  grouped  in  very  bad  tafte. 
Admir.  Roman.  Antiq. 
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Hence  fable  Coal  his  mafjy  couch  extends. 

And  liars  of  gold  the  fparkling  Pijrite  blends. 

Canto  II.  1.  349* 

To  elucidate  the  formation  of  coal-beds  I ftiall  here  de- 
feribe  a fountain  of  foffil  tar,  or  petroleum,  difeovered  lately 
near  Colebrook  Dale  in  Shropthire,  the  particulars  of  which 
were  fent  me  by  Dr.  Robert  Darwin,  of  Shrewibury. 

About  a mile  and  a half  below  the  celebrated  iron-bridge. 
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conftru£led  by  the  late  Mr.  Darby,  near  Colebrook  Dale, 
on  the  ealt  fide  of  the  river  Severn,  as  the  workmen  in  OAo- 
ber  1786  were  makinn;  a fnbterranean  canal  into  the  moun- 
tain,  for  the  more  eafy  acquifition  and  conveyance  of  the 
coals  which  lie  under  it,  they  found  an  oozing  of  liquid  bitu- 
men, or  petroleum  j and  as  they  proceeded  further  cut 
through  fmall  cavities  of  different  fizesfrom  which  the  bitu- 
men iffued.  From  ten  to  fifteen  barrels  of  this  foffil  tar, 
each  barrel  containing  thirty-two  gallons,  were  at  firft  col- 
ledled  in  a day,  which  has  fince  however  gradually  diminiflied 
in  quantity,  fo  that  at  prefent  the  produdl  is  about  feven 
barrels  in  fourteen  days. 

The  mountain,  into  whicli  this  canal  enters,  confifts  of 
fdiceous  fand,  in  which  however  a few  marine  produ6llons, 
apparently  in  their  recent  (late,  have  been  found,  and  are 
now  in  the  poffeffion  of  Mr.  William  Reynolds,  of 
Ketly  Bank.  About  three  hundred  yards  from  the  entrance 
into  the  mountain,  and  about  twenty-eight  yards  below  the 
furface  of  it,  the  tar  is  found  oozing  from  the  fand-rock 
above  into  the  top  and  fides  of  the  canal. 

Beneath  the  level  of  this  canal  a ffiaft  has  been  funk 
through  a grey  argillaceous  fubfiance,  called  in  this  country 
elimch,  which  is  faid  to  be  a pretty  certain  indication  of  coal; 
beneath  this  lies  a flratum  of  coal,  about  two  or  three  Inches 
thick,  of  an  inferior  kind,  yielding  little  flame  in  burning, 
and  leaving  much  allies ; below  this  is  a rock  of  a harder 
texture,  and  beneath  this  arc  found  coals  of  an  excellent 
quality  ; for  the  purpofe  of  procuring  which  with  greater 
facility  the  canal,  or  horizontal  aperture,  is  now  making  into 
the  mountain.  July,  1788. 

Beneath  thefc  coals  in  fome  places  is  found  fait  water,  in 
other  parts  of  the  adjacent  country  there  are  beds  of  iron- 
flonc,  which  alfo  contain  fome  bitumen  in  a lefs  fluid  flate, 
and  which  are  about  on  a level  with  the  new  canal,  into 
which  the  foffil  tar  oozes,  as  above  deferibed. 
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There  are  many  interefting  circumftances  attending  the 
fituation  and  accompaniments  of  this  fountain  of  foffil  tar, 
tending  to  develop  the  manner  of  its  produdlion.  1 . As  the 
canal  pafling  into  the  mountain  runs  over  the  beds  of  coals, 
and  under  the  refervoir  of  petroleum,  it  appears  that  a valuial 
di/llllation  of  this  foflil  in  the  bowels  of  the  earth  muft  have 
taken  place  at  fome  early  period  of  the  world,  fimilar  to  the 
artificial  dillillation  of  coal,  which  has  many  years  been  car- 
ried on  in  this  place  on  a finaller  fcale  above  ground.  When 
this  refervoir  of  petroleum  was  cut  into,  the  flownefs  of  its 
exfudation  into  the  canal  was  not  only  owing  to  its  vifcidity, 
but  to  the  preffure  of  the  atmofphere,  or  to  the  necefiity 
there  was  that  air  thould  at  the  fame  time  infmuate  itfelf  into 
the  fmall  eavities  from  which  the  petroleum  defeended. 
The  exiftence  of  fuch  a diftillation  at  fome  antieiu  lime  is 
confirmed  by  the  thin  ftratum  of  coal  beneath  the  canal 
(which  covers  the  hard  rock)  having  been  deprived  of  its 
foflil  oil,  fo  as  to  burn  without  flame,  and  thus  to  have  be- 
eome  a natural  coak,  or  foflil  charcoal,  while  the  petroleum 
diftilied  ffom  it  is  found  in  the  cavities  of  the  rock 

above  it. 

There  arc  appearances  in  other  places,  winch  favour  this 
idea  of  the  natural  diftillation  of  petroleum,  thus  at  Mailock 
in  D(?rbyfhirc  a hard  bitumen  is  found  adhering  to  the  fpar 
in  the  ciefts  of  the  lime-rocks  in  the  form  of  round  drops 
about  the  flze  of  peas;  which  could  perhaps  only  be  depo- 

fitcd  there  in  that  form  by  fublimation. 

2.  The  fecond  deduftion,  which  oflers  itfelf,  is,  that  ihefe 
beds  of  coal  have  been  expofed  to  a conftderahle  degree  of 
heat,  ftnee  the  petroleum  above  could  not  be  feparated,  as 
far  a^ve  know,  by  any  other  means,  and  that  the  good  qua- 
lity of  the  coals  beneath  the  hard  rock  was  owing  to  the 
impermeability  of  this  rock  to  the  bituminous  vapour,  and 
to  its  prefiTure  being  too  great  to  permit  its  being  removed  by 
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the  elafticity  of  that  vapour.  Thus  from  the  degree  of  heat, 
the  degree  of  preffure,  and  the  permeability  of  the  fuperin- 
cumbent  (Irata,  many  of  the  phenomena  attending  coal- 
beds receive  an  eafy  explanation,  which  much  accords  with 
the  ingenious  theory  of  the  earth  by  Dr.  Hutton,  Tranf.  of 
Edinb.  Vol.  I. 

In  fome  coal  works  the  fufioii  of  the  ftrata  of  coal  has 
been  fo  light,  that  there  remains  the  appearance  of  ligneous 
fibres,  and  the  imprelTion  of  leaves,  as  at  Bovey  near  Exeter,' 
and  even  feeds  of  vegetables,  of  which  I have  had  fpecimens 
from  the  collieries  near  Polcfworth  in  Warwickrtiire.  In 
fome,  where  the  heat  was  not  very  intenfe  and  the  incumbent 
ftratum  not  permeable  to  vapour,  the  folTil  oil  has  only  rifen 
to  the  upper  part  of  the  coal-bed,  and  has  rendered  that 
much  more  inflammable  than  the  lower  parts  of  it,  as  in  the 
collieries  near  Beaudefert,  the  feat  of  the  Earl  op  Ux- 
bridge, in  Staffordfliire,  where  the  upper  ftratum  is  a per- 
fe6l  cannel,  or  candle-coal,  and  the  lower  one  of  an  inferior 
quality.  Over  the  coal  beds  near  Sir  H.  Harpur's  houfe 
in  Derbylhire  a thin  lamina  of  afphaltum  is  found  in  fome 
places  near  the  furface  of  the  earth,  which  would  feem  to  be 
from  a diftillation  of  petroleum  from  the  coals  below,  the 
more  fluid  part  of  which  had  in  procefs  of  time  exhaled,  or 
been  confoliclatcd  by  its  abforption  of  air.  In  other  coal 
works  the  upper  part  of  the  ftratum  is  of  a worfe  kind,  than 
the  lower  one,  as  at  Alfrcton  and  Denbigh,  in  Derbyfhire, 
owning  to  the  fuperincumbent  ftratum  having  permitted  the 
exhalation  of  a great  part  of  the  petroleum  ; whilft  at  Wid- 
drington  in  Northumberland  there  is  firft  a fcam  of  coal 
about  fix  inches  thick  of  no  value,  which  lies  under  about 
four  fathom  of  clay,  beneath  this  is  a white  free-ftone,  then 
a hard  ftonc,  which  the  w^orkmcn  there  call  a whin,  then 
two  fathom  of  clay,  then  another  white  ftone,  and  under 
that  a vein  of  coals  three  feet  nine  inches  thick,  of  a fimilar 
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nature  to  the  Newcaftle  coal.  Phil.  Tranf.  Abridg.  Vol. 
VI,  plate  II.  p.  192.  The  fmiilitude  between  the  circum- 
ftances  of  this  colliery,  and  of  the  coal  beneath  the  fountain 
of  tar  above  defcrlbed,  renders  it  highly  probable  that  this 
upper  thin  feam  of  coal  has  fuffered  a fimilar  diftillation, 
and  that  the  inflammable  part  of  it  had  either  been  received 
into  the  clay  above  in  the  form  of  fulphur,  which  when 
burnt  in  the  open  air  would  produce  alum  ; or  had  been  dif- 
fipated  for  want  of  a receiver,  where  it  could  be  condenfed. 
The  former  opinion  is  perhaps  in  this  cafe  more  probable, 
as  in  fome  other  coal-beds,  of  which  T have  procured  ac- 
counts, the  furface  of  the  coal  beneath  chinch  or  clay  is  of 
an  inferior  quality,  as  at  Weft  Halluni  in  Nottinghamftilre. 
7'he  chinch  probably  from  hence  acquires  its  inflammable 
part,  which  on  calcination  becomes  vitriolic  acid.  I ga- 
thered pieces  of  clunch  converted  partially  into  alum  at 
a colliery  near  Bilfton,  where  the  ground  was  ftill  on  fire  a 
few  years  ago. 

The  heat,  which  has  thus  pervaded  the  beds  of  morafs, 
feems  to  have  been  the  efic6l  of  the  fermentation  of  their 
vegetable  materials ; as  new  hay  fometimes  take  fire  even 
in  fuch  very  fmall  niaffes  from  the  fugar  it  contains,  and 
feems  hence  not  to  have  been  attended  with  any  expulfion 
of  lava,  like  the  deeper  craters  of  volcanoes  fituatcd  in  beds 
of  granite. 

3.  The  marine  (hells  found  in  the  loofe  fand-rock  above 
this  refervoir  of  petroleum,  and  the  coal-beds  beneath  it, 
too-ether  with  the  exiftence  of  fea-falt  beneath  thefe  coals, 
prove  that  thefe  coal-beds  have  been  at  the  lottom  of  thefea^ 
during  fome  remote  period  of  time,  and  were  afterwards 
railed  into  their  prefen t fituation  by  fubterraneous  expanfions 
of  vapour.  This  doftrine  is  further  fupported  by  the  marks 
of  violence,  -which  fome  coal-beds  received  at  the  time  they 
were  raiftd  out  of  the  fea,  as  in  the  colleries  at  ;\'Ier.dip  in 
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Somerfetfhire.  In  thefe  there  are  feven  ftrataof  coals,  equi- 
taiit  upon  each  other,  with  beds  of  clay  and  ftone  interve- 
ning ; amongfi  which  clay  are  found  fliells  and  fern  branches. 
In  one  part  of  this  hill  the  ftrata  are  disjoined,  and  a quan- 
tity of  heterogeneous  fubftances  fill  up  the  chafin  which  dis- 
joins them;  on  one  fide  of  this  chafm  the  feven  ftrata  of  coal 
arc  fecn  correfponding  in  refpe£f  to  their  reciprocal  thicknefs 
and  goodnefs  with  the  feven  ftrata  on  the  other  fide  of  the 
cavity,  except  that  they  have  been  elevated  fcveral  yards 
higher.  Phil,  Tranf.  No.  360.  abridg.  Vol.  V.  p.  237. 

The  cracks  in  the  coal-bed  near  Ticknall  in  Derbyfliire, 
and  in  the  fand-ftone  rock  over  it,  in  both  of  which  fpeci- 
niens  of  lead-ore  and  fpar  are  found,  confirm  this  opinion  of 
their  having  been  forcibly  raifed  up  by  fubterraneous  fires. 
Over  the  colliery  at  Brown-hills  near  Lichfield,  there  is  a 
ftratum  of  gravel  on  the  furface  of  the  ground;  which  may 
be  adduced  as  another  proof  to  lliew  that  thofe  coals  had 
fome  time  been  beneath  the  fea,  or  the  bed  of  a river.  Never- 
thelefs,  thefe  arguments  only  apply  to  the  collieries  above 
mentioned,  which  are  few  compared  with  thofe  which  bear 
no  marks  of  having  been  inimerfed  in  the  fea. 

On  the  other  hand  the  produdtion  of  coals  from  morafles, 
as  deferibed  in  note  XX.  is  evinced  from  the  vegetable 
matters  frequently  found  in  them,  and  in  the  ftrata 
over  them;  as  fern-leaves  in  nodules  of  iron  ore,  and  from 
the  bog-fhells  or  frefli-water  mufcles  fometimes  found  over 
them,  of  both  which  1 have  what  I believe  to  be  fpccimens;- 
and  is  further  proved  from  fome  parts  of  thefe  beds  being 
only  in  part  transformed  to  coal ; and  the  other  part  ftill  re- 
taining not  only  the  form,  but  fome  of  the  properties  of 
wood;  fpecimens  of  which  are  not  unfrequent  in  the  cabi- 
nets of  the  curious,  procured  from  Loch  Neigh  in  Ireland, 
ftom  Bovey  near  Exeter,  and  other  places ; and  from  a fa- 
mous cavern  called  the  Temple  of  the  Devil,  near  tlie  town 
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of  Altorf,  in  Franconia,  at  the  foot  of  a mountain  covered 
with  pine  and  favine,  in  which  are  found  large  coals  refcm- 
bling  trees  of  ebony;  which  are  fo  far  mineralized,  as  to  be 
heavy  and  compaft  ; and  fo  to  efflorefce  with  pyrites  in  fome 
parts  as  to  crumble  to  pieces;  yet  from  other  parts  white 
allies  are  produced  on  calcination,  from  which  Jixed  alcali 
is  procured;  which  evinces  their  vegetable  origin.  (Didf. 
Raifonne,  art.  Charbon.)  To  thefe  may  be  added  another  ar- 
gument from  the  oil  which  is  diflilled  from  coals,  and  which 
is  analogous  to  vegetable  oil,  and  does  not  exifl;  in  any  bo- 
dies truly  mineral.  Keir’s  Chemical  Di6tionary,  art.  Bitu- 
men. 

Whence  it  would  appear,  that  though  moft  collieries  with 
their  attendant  llrata  of  clay,  fand-ltone,  and  iron,  were 
formed  on  the  places  where  the  vegetables  grew,  from  which 
they  had  their  origin;  yet  that  other  collefllons  of  vegeta- 
ble matter  were  wafhed  down  from  eminences  by  currents 
of  water  Into  the  beds  of  rivers,  or  the  nciohbourino;  feas. 
and  were  there  accumulated  at  different  periods  of  time,  and 
underwent  a great  degree  of  heat  from  their  fermentation,  in 
the  fame  manner  as  thofe  beds  of  morafs  which  had  conti- 
nued on  the  plains  where  they  were  produced.  And  that  liy 
this  fermentation  manv  of  them  had  been  raifed  from  the 
ocean  with  fand  and  fea-fhells  over  them;  and  others 
from  the  beds  of  rivers  with  accumulations  of  gravel  upon 
them. 

4.  For  the  purpofe  of  bringing  this  hidory  of  the  pro- 
du6Is  of  moraffes  more  dilVmdlly  to  the  eye  of  the  reader,  I 
dial!  here  fubjoin  two  or  three  accounts  of  finking  or  boring 
for  coals,  out  of  above  twenty  which  I have  procured  from 
various  places,  though  the  terms  are  not  very  intelligible, 
being  the  language  of  the  overfeers  of  coal-works. 

1.  IVkitfield-mive  near  the  Pottery  in  Slaffordflnre. 
Soil  1 foot,  brick- clav  3 feet,  /hale  4.  metal  which  is  hard 
VoL.  I.  A a 
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brown  anti  falls  in  the  weather  42.  coal  3.  warrant  clay  6. 
brown  gritllonc  3G.  coal  3-L  warrant  clay  3i-  bals  and 
metal  53-' . harddonc  4.  lhaly  bafs  1-|.  coal  4.  warrant  clay, 
depth  unknown,  in  all  about  55  yards. 

2.  Coal-mine  at  Alfreton  in  Derbvihire.  Soil  and  clay 
7 feet,  frao-inents  of  ftonc  9.  bind  13.  flone  6.  bind  34. 
Hone  5.  bind  2.  Hone  2.  bind  10.  coal  1-^.  bind  14".  Hone 
57.  bind  7.  loft  coal  3.  bind  3.  Hone  20.  bind  IC.  coal  7i-- 
in  all  about  6 1 yards. 

8.  ALaJfJet  coal-mine  at  Hoolarlon  in  Nottinghamlliire. 
Sand  and  gravel  6 feet,  bind  21.  Hone  10.  fmut  or  efiete 
coal  1.  clunch  4.  bind  21.  Hone  18.  bind  18.  Honebind 
15.  foft  coal  2.  clunch  and  bind  21.  coal  7*  in  about  48 
yards. 

4.  Coal-mine  at  JVeJl-Hallam  in  Nottinghamfliire.  Soil 
and  clay  7 feet,  bind  48.  fmut  1-^.  clunch  4.  bind  3.  Hone 
2.  bind  1.  Hone  1.  bind  3.  Hone  1.  bind  16.  fliale  2.  bind 
12.  Hjale  3.  clunch.  Hone,  and  a bed  of  cauk  54.  foft  coal 
4.  clay  and  dun  1.  foft  coal  4^.  clunch  and  bind  21.  coal  1. 
broad  bind  26.  hard  coal  6.  in  all  about  74  yards. 

As  thefe  Hrata  generally  lie  inclined,  T fuppofe  parallel 
with  the  limcHone  on  which  they  rcH,  the  upper  edges  of 
them  all  come  out  to  day,  which  is  termed  bafleting  ; when 
the  whole  mafs  was  ignited  by  its  fermentation,  it  is  proba- 
ble that  the  inflammable  part  of  fomc  Hrata  might  thus  more 
eafilv  efcape  than  of  others  in  the  form  of  vapour  as  dews 
are  known  to  Hide  between  fuch  Hrata  in  the  production  of 
fprings;  which  accounts  for  fomc  coal-beds  being  fo  much 
vvorfe  than  others.  Sec  note  XX. 

From  this  account  of  the  production  of  coals  from  mo- 
raffesit  would  appear,  that  coal-beds  are  not  to  be  cxpcCtcd 
beneath  mafl'es  of  lime- Hone.  Nev^'rthelcfs  1 have  been 
lately  ii'dormcd  by  inv  friend  IMr  IMichell,  of  Ihornhill, 
'who'l  hope  will  foon  favour  the  public  with  his  ^geological 


Note  XXIII. 


COAL. 


355 


inveftigalions,  that  the  beds  of  chalk  are  the  upperi^ioft  of  all 
the  lime-flones : and  that  thev  reft  on  the  o-ranulated  lime- 
ftone,  called  ketton-ftone;  which  I fuppofe  is  fimilar  to 
that  which  covers  the  whole  country  from  Leadenhani  to 
Sleaford,  and  from  Sleaford  to  Lincoln ; and  that,  thirdly, 
coal-dclphs  are  frcquent'y  found  "beneath  thefe  two  upper- 
moft  beds  of  lime-fione. 

Now  as  the  beds  of  chalk  and  of  granulated  lime-ftone 
may  have  been  formed  by  alluviation,  on  or  beneath  the 
fhores  of  the  fea,  or  in  vallics  of  the  land,  it  would  feem 
that  lome  coal  countries,  which  in  the  great  commotions  of 
the  earth  had  been  funk  beneath  the  water,  were  thus  co- 
vered with  alluvial  lime-ftone,  as  well  as  others  with  allu- 
vial bafaltes,  or  common  gravel-beds.  Very  exlcnfive 
plains,  which  now'  conflft  of  alluvial  materials,  were  in  the 
early  times  covered  with  water,  which  has  finoe  dlminifhed, 
as  the  folid  parts  of  the  earth  have  increafed.  For  the  folici 
parts  of  the  earth  confifting  chiefly  of  animal  and  vegetable 
recrements  muft  have  originally  been  formed  or  produced 
from  the  water  by  animal  and  vegetable  proceflTes ; and  as 
the  folid  parts  of  the  earth  may  be  fuppofed  to  be  thriec  as 
heavy  as  water,  it  follow's  that  thrice  the  quantity  of  water 
muft  have  vanilhed,  compared  with  the  quantity  of  earth 
thus  produced.  This  may  account  for  many  immenfe  beds 
of  alluvial  materials,  as  gravel,  rounded  bind,  granulated  lime- 
ftone,  and  chalk,  covering  fuch  extenfive  plains  as  Lincoln- 
heath,  having  become  dry  without  the  fuppofltion  of  their 
having  been  again  elevated  from  the  ocean.  At  the  fame 
time  we  acquire  the  knowledge  of  one  of  the  ufes  or  final 
caufes  of  the  organized  world,  not  indeed  very  flatterinc  to 
our  vanity,  that  it  converts  water  into  earth,  forming iflands 
and  continents  by  its  recrements  or  exuvlaj. 

ft  he  annexed  fe6lion  of  a coal-niine  was  fent  me  by  a 
member'of  the  ingenious  philofophical  foclety  at  Ncwcaftlc 
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upon  Tyrie,  and  cannot  but  much  gratify  every  inquirer 
into  the  ftrata  of  coal-countries. 


NOTE  XXIV.—GRANITE. 

Climl  the  rude  Jleeps,  the  Granite-Cliffs  furround. 

Canto  II.  1.  523. 

The  lowed  ftratum  of  the  earth  which  human  labour  has 
arrived  to,  is  granite;  and  of  this  likewife  confid  thehigheft 
mountains  of  the  world.  It  is  known  under  variety  of  names 
according  to  fome  difference  in  its  appearance  or  compofi- 
tion,  but  is  now  generally  confidered  by  philofophers  as  a 
fpecies  of  lava ; if  it  contains  quartz,  felt  fpat,  and  mica  in 
diftinft  cryftals,  it  is  called  granite;  which  is  found  in 
Cornwall  in  rocks ; and  in  loofe  dones  in  the  gravel  near 
Drayton  in  Shropfliire,  in  the  road  towards  Newcaflle.  If 
thefe  parts  of  the  compofition  be  lefs  didindt,  or  if  only  two 
of  them  be  vifible  to  the  eye,  it  is  termed  porphyry,  trap, 
whindone,  moordone,  date.  And  if  it  appears  in  a regular 
angular  form,  it  is  called  bafaltes.  The  affinity  of  thefe 
bodies  has  lately  been  further  well  edablidicd  by  Dr.  Bed- 
does  in  the  Phil.  Tranf.  Vol.  LXXX. 

Thefe  are  all  edeemed  to  have  been  volcanic  produ6lions 
that  have  undergone  different  degrees  of  heat ; it  is  well 
known  that  in  Papin’s  digeder  water  may  be  made  red  hot 
by  confinement,  and  will  then  diffolve  many  bodies  which 
otherwife  are  little  or  not  at  all  acSled  upon  by  it.  From 
hence  it  may  be  conceived,  that  under  immenfe  preffure  of 
fuperincumbent  materials,  and  by  great  heat,  thefe  maffes 
of  lava  may  have  undergone  a kind  of  aqueous  folution, 
without  any  tendency  to  vitrifaclion,  and  might  thence  hare 
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a power  of  cryftalllzation,  whence  all  the  varieties  above 
mentioned  from  the  different  proportion  of  the  materials, 
or  the  different  degrees  of  heat  they  may  have  undergone 
in  this  aqueous  folution.  And  that  the  uniformity  of 
the  mixture  of  the  original  earths,  as  of  lime,  argil,  fdex, 
magnefia,  and  barytes,  w^hich  they  contain,  w-as  owing  to 
their  boiling  together  a longer  or  fhorter  time  before  their 
elevation  into  mountains.  See  note  XIX.  art  8. 

The  feat  of  volcanoes  feems  to  be  principally,  if  not  en- 
tirely, in  thefe  flrata  of  granite ; as  many  of  them  are  fitu- 
ated  on  granite  mountains,  and  thrown  up  from  time  to  time 
fheets  of  lava  which  run  down  over  the  preceding  flrata 
from  the  fame  origin;  and  in  this  they  feem  to  differ  from 
the  heat  which  has  feparated  the  clay,  coal,  and  fand  in 
moraffes,  which  would  appear  to  have  rifen  from  a kind  of 
fermentation,  and  thus  to  have  pervaded  the  whole  mafs 
without  any  expuition  of  lava. 

All  the  lavas  from  Vefuvius  contain  one  fourth  part  of  iron, 
(Klrwan’s  Min.)  and  all  the  five  primitive  earths,  viz.  calca- 
reous, argillaceous,  filiceous,  barytic,  and  magnefian  earths, 
which  are  alfo  evidently  produced  now  dally  from  the  recre- 
ments of  animal  and  vegetable  bodies.  What  is  to  be 
thence  concluded?  Has  the  granite  ftratum  in  veryantient 
times  been  produced  like  theprefent  calcareous  and  filiceous 
maffes,  according  to  the  ingenious  theory  of  Dr.  Hutton, 
who  fays  new  continents  arc  now  forming  at  the  bottom  of 
the  fea  to  rife  in  their  turn,  and  that  thus  the  terraqueous 
globe  has  been,  and  will  be,  eternal  ? Or  fhall  we  fuppofe 
that  this  internal  heated  mafs  of  granite,  which  forms  the 
nucleus  of  the  earth,  was  a part  of  the  body  of  the  fun  before 
it  was  feparated  by  an  explofion  ? Or  w^as  the  fun  originally 
a planet,  inhabited  like  ours,  aud  a fatellite  to  fome  other 
greater  fun,  which  has  long  been  extinguifhed  by  diffuflon 
of  its  light,  and  around  which  the  prefent  fun  continues  to 
revolve,  according  to  a conjecture  of  the  celebrated  Mr. 
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Herfche)!,  and  which  conveys  to  the  mind  a mod  fublime  idea 
of  the  progreffive  and  increafing  excellence  of  the  works  of 
the  Creator  of  all  things  ? 

For  the  more  eafy  comprehenfion  of  the  facts  and  con- 
je6lurcs  concerning  the  fituation  and  produRion  of  the  vari- 
ous ftrata  of  the  earth,  I fliall  here  fubjoin  a fuppofed  fec- 
tlon  of  the  globe,  but  without  any  attempt  to  give  the  pro- 
portions of  the  parts,  or  the  number  of  them,  but  only  their 
refpecRive  fituation  over  each  other,  and  a geological  reca- 
pitulation. 


GEOLOGICAL  RECAPITULATION. 

1.  The  earth  was  proje61ed  along  with  the  other  primary 
planets  from  the  fun,  which  is  fuppofed  to  be  on  fire  only  on 
its  furface,  emitting  light  without  much  internal  heat  like  a 
ball  of  burning  camphor. 

2.  The  rotation  of  the  earth  round  its  axis  was  occafioned 
by  its  greater  fridlion  or  adhehon  to  one  fide  of  the  cavity 
from  which  it  was  eje6lcd  ; and  from  this  rotation  it  ac- 
quired its  fpheroidical  form.  As  it  cooled  in  its  afeent  from 
the  fun  its  nucleus  became  harder;  and  its  attendant  vapours 
were  condenfed,  forming  the  ocean. 

3.  The  maffes  or  mountains  of  granite,  porphyry,  bafalr, 
and  floncs  of  fimilar  flrua.ure,  were  a part  of  the  original 
nucleus  of  the  earth;  or  confifl  of  volcanic  produiSlions  fmee 

formed. 

4.  On  this  nucleus  of  granite  and  bafaltcs,  thus  covered 
bv  the  ocean,  were  formed  the  calcareous  beds  of  lime-ftone, 
marble,  chalk,  fpar,  from  the  exuviae  of  marine  animals : 
with  the  flints,  or  chertz,  which  accompany  them.  And 
were  ftratified  by  their  having  been  formed  at  different  and 
very  diflant  periods  ot  time. 

.5.  The  whole  terraqueous  globe  was  burft  by  central  fires  ; 
iflands  and  continents  were  raifed,  confining  of  granite  or  lava 
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in  feme  parts,  and  of  lime-flone  in  others;  and  ?reat  vallies 
were  lunk,  into  which  the  ocean  retired. 

6.  During  thefe  central  earthquakes  the  moon  was  cjeRed 
from  the  earth,  cauhng  new  tides ; and  the  earth’s  axi:» 
fuflered  fome  change  in  its  inclination  and  its  rotatory  mo- 
tion was  retarded. 

7.  On  fome  parts  of  thefe  iflands  and  continents  of  gra- 
nite or  limc-llonc  were  gradually  produced  extenfive  moralfes 
from  the  recrements  of  vegetables  and  of  land  animals; 
and  from  thefe  moraffes,  heated  by  fermentation,  were  pro- 
duced clay,  marie,  iand-flone,  coal,  iron,  (with  the  bales  of 
variety  of  acids;)  all  which  vccrc  Gratified  by  their  iiaving 
been  formed  at  different,  and  very  diflant  periods  of  time. 

8.  In  the  elevation  of  the  mountains  very  numerous  and 
deep  fiffurcs  neceffarily  were  produced.  In  thefe  fiffures 
many  of  the  metals  are  formed,  partly  from  defeending  ma- 
terials, and  partly  from  afeending  ones  railed  in  vapour 
by  fubterraneous  fires.  In  the  lilTures  of  granite  or  por- 
phyry quartz  is  formed;  in  the  filfurcs  of  lime-ftone  calcare- 
ous fpar  is  produced. 

9.  During  thefe  firfi  great  volcanic  fires  it  is  probable  the 
atmofphere  was  either  produced,  or  much  incrcafcd ; a pro- 
cefs  which  is  perhaps  now  going  on  in  the  moon  ; Mr. 
llerfchcll  having  clifcovcrcd  a volcanic  crater  three  miles 
broad  burning  on  her  dllk. 

10.  Thefummitsof  the  new  mountains  were  cracked  into 
innumerable  lozenges  by  the  cold  dews  or  fnows  falling  upon 
them  when  red  hot.  From  thefe  fumniits,  which  were  then 
twice  as  high  as  at  prefent,  cubes  and  lozenges  of  granite, 
and  bafalt,  and  quartz  in  fome  countries,  and  of  marbles 
and  flints  in  others,  defeended  gradually  into  the  valleys, 
and  were  rolled  together  in  the  beds  of  rivers,  (which  were 
then  fo  large  as  to  occupy  the  whole  valleys  which  they 
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now  only  Interfeil: ;)  and  produced  the  great  beds  of  gravel, 
of  which  manv  valleys  confift. 

11.  In  feveral  parts  of  the  earth’s  furface  fubfequent  earth- 
quakes, from  the  fermentation  of  moraffes,  have  at  differ- 
ent periods  of  time  deranged  the  pofition  of  the  matters 
above  defcribed.  Hence  the  gravel,  which  was  before  in 
the  beds  of  rivers,  has  in  fome  places  been  raifed  into  moun- 
tains, along  with  clay  and  coal  ftrata  which  were  formed 
from  moraffes  and  wafhed  down  from  eminences  into  the- 
beds  of  rivers  or  the  neighbouring  feas,  and  in  part  raifed 
again  with  gravel  or  marine  fhells  over  them;  but  this  has 
only  obtained  in  few  places  compared  with  the  general  dif- 
tribution  of  fuch  materials.  Hence  there  feem  to  have 
exifted  two  fources  of  earthquakes,  which  have  occurred  at 
great  diftance  of  time  from  each  other;  one  from  the  granite 
beds  in  the  central  parts  of  the  earth,  and  the  other  from 
the  moraffes  on  Its  furface.  All  the  fubfequent  earthquakes 
and  volcanoes  of  modern  days  compared  with  thefe  are  of 
fmall  extent  and  infignificant  effe6l. 

12.  Befides  the  argillaceous  fand-ftone  produced  from 
moraffes,  which  is  ftratified  with  clay,  and  coal,  and  iron, 
other  great  beds  of  filiceous  fand  have  been  formed  in  the 
fea  by  the  combination  of  an  unknown  acid  from  moraffes, 
and  the  calcareous  matters  of  the  ocean. 

13.  The  warm  waters  which  are  found  in  many  countries, 
are  owing  to  fleam  arifing  from  great  depths  through  the 
fiffures  of  lime-flone  or  lava,  elevated  by  fubterranean  fires, 
and  condenfed  between  the  firata  of  the  hills  over  them; 
and  not  from  any  dccompofition  of  pyrites  or  manganefe 
near  the  furface  of  the  earth. 

14.  The  columns  of  bafalles  have  been  raifed  by  the 
congelation  or  expanflon  of  granite  beds  in  the  a<5l  of  cooling 
from  their  femi-vitreous  fufion. 
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NOTE  XXV.— EVAPORATION. 

Aquatic  mjmphs ! you  lead  loitR  viewlefs  march 

The  ivinged  Vapours  up  the  aerial  arch. 

Canto  III.  1. 13. 

1.  The  atmofphere  will  difiblve  a certain  quantity  of 
moifture  as  a chemical  menftruum,  even  when  it  is  much 
below  the  freezing  point,  as  appears  from  the  diminution 
of  ice  fufpended  in  frofty  air,  but  a much  greater  quantity 
of  water  is  evaporated  and  fufpended  in  the  air  by  means  of 
heat,  which  is  perhaps  the  univerfal  caufe  of  fluidity,  for 
water  is  known  to  boil  with  lefs  heat  in  vacuo,  which  is  a 
proof  that  it  will  evaporate  fafter  in  vacuo,  and  that  the  air 
therefore  rather  hinders  than  promotes  its  evaporation  in 
hifjher  degrees  of  heat.  The  quick  evaporation  occafioned 
in  vacuo  by  a fmall  degree  of  heat  is  agreeably  feen  in  what 
is  termed  a pulfe-glafs,  which  confifls  of  an  exhaufted  tube 
of  glafs  with  a bulb  at  each  end  of  it  and  with  about  two 
thirds  of  the  cavity  filled  with  alcohol,  in  which  the  fpirit 
is  inftantly  feen  to  boll  by  the  heat  of  the  finger-end  applied 
on  a bubble  of  fleam  in  the  lower  bulb,  and  is  condenfed 
again  in  the  upper  bulb  by  the  lead  conceivable  comparative 
coldnefs. 

2.  Another  circumflance  evincing  that  heat  is  the  prin- 
cipal caufe  of  evaporation  is  that  at  the  time  of  water  being 
converted  into  fleam,  a great  quantity  of  heat  is  taken  away 
from  the  neighbouring  bodies.  If  a thermometer  be  re- 
peatedly dipped  in  ether,  or  in  reftified  fpirit  of  wine,  and 
expofed  to  ablafl  of  air,  to  expedite  the  evaporation  by  per- 
petually removing  the  faturated  air  from  it,  the  thermome- 
ter will  prefently  fink  below  freezing.  This  warmth,  taken 
from  the  ambient  bodies  at  the  time  of  evaporation  by  the 
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Ream,  is  again  given  out  when  the  fleam  is  condenfed 
into\vater.  Hence  the  water  in  a worm-tub  during 
cliflillation  To  foon  becomes  hot;  and  hence  the  warmth 
accompanying  the  defcent  of  rain  in  cold  weather. 

3.  The  third  circumflance,  fhcwing  that  heat  is  the 
principal  caufe  of  evaporation,  is  that  fome  of  the  fleam 
becomes  again  condenfed  when  any  part  of  the  heat  is 
withdrawn.  Thus  when  warmer  fouth-wcfl  winds  replete 
with  moiflure  fucceed  the  colder  north-cafl  winds  all  bodies 
that  are  denfe  and  fubflantial,  as  flone  walls,  brick  floors, 
&c.  abforb  fome  of  the  heat  fronr  the  pafling  air,  and  its 
moiflure  becomes  precipitated  on  them,  while  the  north-eafl 
winds  become  warmer  on  their  arrival  in  this  latitude,  and 
are  thence  difpofed  to  take  up  more  moiflure,  and  are  termed 
drying  winds. 

4.  Heat  feems  to  be  the  principal  caufe  of  the  folution  of 
many  other  bodies,  as  common  fait,  or  blue  vitriol  dlffolved 
in  water,  which  when  expofed  to  fevere  cold  are  precipitated,  or 
carried,  to  the  part  of  the  water  lafl  frozen ; this  I obferved 
in  a phial  filled  with  a folution  of  blue  vitriol  which  was 
frozen;  the  phial  was  burll,  the  ice  thawed,  and  a blue 
column  of  cupreous  vitriol  was  left  handing  upright  on  the 
bottom  of  the  broken  glafs,  as  deferibed  in  Note  XIX. 

Art.  3. 

II.  Hence  water  may  cither  be  diflblved  in  air,  and  may 
then  be  called  an  aerial  folution  of  water;  or  it  may  be 
diffolved  in  the  fluid  matter  of  heat,  according  to  the  theory 
of  M.  Lavolfier,  and  may  then  be  called  fleam.  In  the  former 
ca^'e  it  is  probable  there  are  many  other  vapours  which  may 
precipitate  it,  as  marine  acid  gas,  or  fluor  acid  gas.  So 
alkaline  gas  and  acid  gas  diffolved  in  air  precipitate  each 
other,  nitrous  gas  precipitates  vital  air  from  its  azote,  and 
inflammable  gas  mixed  with  vital  air  ignited  by  an  elearic 
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fpark  cither  produces  or  precipitates  the  water  in  both  of 
them.  Are  there  any  fublle  exhalations  occafionally  cliffufcd 
in  the  atmofphere  wliich  may  thus  caufe  rain  ? 

1.  But  as  water  is  perhaps  many  hundred  times  more  folu- 
ble  in  the  fluid  matter  of  heat  than  in  air,  I fuppofe  the  educ- 
tion of  this  heat,  by  whatever  means  it  is  occafloned,  is  the 
principal  caufe  of  devaporation.  Thus  if  a region  of  air  is 
brought  from  a warmer  climate,  as  the  S.W.  winds,  it  be- 
comes cooled  by  its  contadf  with  the  earth  in  this  latitude, 
and  parts  with  fo  much  of  its  moifture  as  was  diflblvcd  in 
the  quantity  of  calorique,  or  heat,  which  it  now  lofes,  but 
retains  that  part  which  was  fufpended  by  its  attradlion  to  the 
particles  of  air,  or  by  aerial  lolution,  even  in  the  inoft  fevere 
frofls. 

2.  A fecond  immediate  caufe  of  rain  is  a ftrearii’  of  N.  E. 
wind  defeending  from  a fuperior  current  of  air,  and  mixing 
with  the  warmer  S.W.  wind  below  ; or  the  reverfc  of  this, 
viz.  a fuperior  current  of  S.W^.  wind  mixing  with  an  inferior 
one  of  N.  E.  wind  ; in  both  thefe  cafes  the  whole  heaven 
becomes  inftantly  clouded,  and  the  moifture  contained  in  the 
S.W.  current  is  precipitated.  This  caufe  of  devaporation 
has  been  ingenioufly  explained  by  Dr.  Hutton  in  the  Tran- 
fad.  of  Edinburgli,  Vol.  I.  and  feems  to  arifefrom  this  cir- 
cumflance;  the  panicles  of  air  of  the  N.  E.  wind  educe  part 
of  the  heat  from  the  S.W.  wind,  and  therefore  the  water 
w'hich  was  dilfolved  by  that  quantity  of  hent  is  precipitated  j 
all  the  other  part  of  the  water,  which  was  fufpended  by  its 
attradion  to  the  particles  of  air,  or  dilloKcd  in  the  icmain- 
dcr  of  the  heat,  continues  unprecipitated. 

3.  A third  method  by  which  a region  of  air  becomes 
cooled,  and  in  confequence  depofits  much  of  its  moifture, 
is  from  the  mechanical  expanfion  of  air,  when  part  of  the 
preffure  is  taken  off.  In  this  cafe  the  expand*  d air  becomes 
capable  of  receiving  or  attradling  more  o*  the  matter  of  heat 
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into  its  interfticcs,  and  the  vapour,  which  was  previoully 
diflblved  in  this  heat,  is  depofited,  as  is  fcen  in  the  receiver 
of  an  air-pump,  which  becomes  dewy,  as  the  air 
within  becomes  expanded  by  the  edu6iIon  of  part  of  it. 
See  Note  VII.  Hence  when  the  mercury  in  the  baro- 
meter finks  without  a change  of  the  wind  the  air  ge- 
nerally becomes  colder.  See  Note  VII.  on  Elementary 
Heat.  And  it  is  probably  from  the  varying  prcflure  of  the 
incumbent  air,  that  in  fummer  days  fmall  black  clouds  are 
often  thusfuddenly  produced,  and  again  foon  vanilh.  See  a 
paper  in  Philof.  Tranf.  Vol.  LXXVIII.  entitled  Frigorific 
Experiments  on  the  Mechanical  Expanfion  of  Air. 

• 4.  Another  portion  of  atmofpheric  water  may  poflibly  be 
held  in  folution  by  the  eleflric  fluid,  fmcein  thunder  ftorms 
a precipitation  of  the  water  feems  to  be  cither  the  caufe  or 
the  confequence  of  the  eduction  of  the  ele6lricity.  But  it 
appears  more  probable  that  the  water  is  condenfed  into  clouds 
by  the  education  of  its  heat,  and  that  then  the  furplus  of 
cle6triclty  prevents  their  coalefcence  into  larger  drops,  which 
immediately  fucceeds  the  departure  of  the  lightning. 

5.  The  immediate  caufe  why  the  barometer  finks  before 
rain  is,  firfl,  becaufe  a region  of  warm  air,  brought  to  us  in 
the  place  of  the  cold  air  which  it  had  difplaced,  mufl:  weigh 
lighter,  both  fpccifically  and  abfolutely,  if  the  height  of  the 
warm  atmofphere  be  fuppofed  to  be  equal  to  that  of  the  pre- 
ceding cold  one.  And  fecondly,  after  the  drops  of  rain  begin 
to  fall  in  any  column  of  air,  that  column  becomes  lighter, 
the  falling  drops  only  adding  to  the  prefTure  of  the  air  in 
proportion  to  the  refiflancc  which  they  meet  with  in  paflTing 
through  that  fluid. 

If  we  could  fuppofe  water  to  be  diffblved  in  air  without 
heat,  or  in  very  low  degrees  of  heat,  I fuppofe  the  air  would 
become  heavier,  as  happens  in  many  chemical  folutions ; but 
if  water  diffolved  in  the  matter  of  heat,  or  calorique,  be  mi.xed 
with  an  aerial  folution  of  water,  there  can  be  no  doubt  but 
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an  atmofphere  confiding  of  fuch  a mixture  mud  become 
lighter  in  proportion  to  the  quantity  of  calorique.  On  the 
fame  circumdance  depends  the  vifible  vapour  produced  from 
the  breath  of  animals  in  cold  weather,  or  from  a boiling 
kettle ; the  particles  ot  cold  air,  with  which  it  is  mixed, 
deal  a part  of  its  heat,  and  become  themfelves  raifed  in  tem- 
perature, whence  part  of  the  water  is  precipitated  in  vifible 
vapour,  which,  if  in  great  quantity,  finks  to  the  ground  j if 
in  fmall  quantity,  and  the  furrounding  air  is  not  previoufly 
faturated,  it  fpreads  itfelf  till  it  becomes  again  diffolved. 


NOTE  XXVI.— SPRINGS. 

Your  lucid  hands  condenfe  with  fingers  chill 
The  Hue  miji  hovering  round  the  gelid  hill. 

Canto  III.  1.  19* 

The  furface  of  the  earth  confids  of  drata,  many  of  which 
were  formed  originally  beneath  the  fea,  the  mountains  were 
afterwards  forced  up  by  fubterraneous  fires,  as  appears  from 
the  fidures  in  the  rocks  of  which  they  confid,  the  quantity 
of  volcanic  produftions  all  over  the  world,  and  the  numerous 
remains  of  craters  of  volcanoes  in  mountainous  countries. 
Hence  the  drata  which  compofe  the  fides  of  mountains  lie 
flanting  downwards,  and  one  or  two  or  more  of  the  external 
drata  not  reachingc  to  the  fummit  when  the  mountain  was 
raifed  up,  the  fccond  or  third  dratum  or  a more  inferior  one 
is  there  expofed  to  day ; this  may  be  well  reprefented  by 
forcibly  ihrufling  a blunt  indrument  through  feveral  fheets 
of  paper,  a bur  will  dand  up  with  the  lowermod  flieet 
dandincT  hierhed  in  the  centre  of  it.  On  this  uppermoft 
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dratum,  which  is  colder  as  it  is  more  elevated,  the  dews  are 
condenfed  in  large  qiuuuities  and  Hiding  down  pafs  under 
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the  firft  or  fecond  or  third  ftratam  which  compofe  the  Tides 
of  the  hill ; and  either  form  a morafs  below,  or  a weeping 
rock,  by  oozing  out  in  numerous  places,  or  many  of  thefe 
lefs  currents  meeting  together  burfl:  out  in  a more  copious  rill. 

The  fummits  of  mountains  are  much  colder  than  the 
plains  in  their  vicinity,  owing  to  feveral  caufes ; 1.  Their 
being  in  a manner  infulatcd  or  cut  off  from  the  common 
heat  of  the  earth,  which  is  always  of  48  degrees,  and 
perpetually  counteradls  the  effedls  of  external  cold  beneath 
that  deoree.  2.  From  their  furfaces  being  larger  in  proper- 

O 

tion  to  their  folid  contents,  and  hence  their  heat  more  expe- 
ditioufly  carried  away  by  the  ever-moving  atmofphere.  3. 
The  Increafing  rarity  of  the  air  as  the  mountain  rlfcs.  All 
thofe  bodies  which  conduft  eledfricity  well  or  ill,  condua 
the  matter  of  heat  likewife  w^cll  or  ill.  See  note  VIL 
Atmofpheric  air  is  a bad  conduaor  of  eledricity,  and 
thence  confines  it  on  the  body  where  it  is  accumulated,  but 
when  it  is  made  very  rare,  as  in  the  exhaufted  receiver,  the 
elcdrlc  aura  paffes  away  immediately  to  any  dillance.  The 
fame  circumflance  probably  happens  in  refped  to  heat, 
which  is  thus  kept  by  the  denfer  air  on  the  plains  from  efcap- 
ing,  but  is  diffipated  on  the  hills  where  the  air  is  thinner. 
4.  As  the  currents  of  air  rife  up  the  Tides  of  mountains  they 
become  mechanically  rarefied,  thepreflurcof  the  incumbent 
column  lefTcning  as  they  afeend.  Hence  the  expanding  air 
abforbs  heat  from  the  mountain  as  it  alccuds,  as  explained 
in  note  VII.  o.  There  is  another,  and  perhaps  more  power- 
ful caufe,  I fufped,  which  may  occaTion  the  great  cold  on 
mountains,  and  in  the  higher  parts  of  the  atmofphere,  and 
which  has  not  yet  been  attended  to  ; I mean  that  the  fluid 
matter  of  heat  may  probably  gravitate  round  the  earth,  and 
lorm  an  atmofphere  on  its  furlace,  mixed  with  the  aerial  at- 
mofphere, which  may  diminilli  or  become  rarer,  as  it  recedes 
from  the  earth’s  furfacc,  in  a greater  proportion  than  the  air 
diminiflies. 
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0.  The  great  condenfation  of  moifture  on  the  fummits  of 
hills  has  another  caufe,  which  isihe  dafliingof  moving  clouds 
againft  them ; in  niifly  days  this  is  often  feen  to  have  great 
fc(rc6l  on  plains,  where  an  eminent  tree  by  obftru6ting  the 
mill  as  it  moves  along  lhall  have  a much  greater  quantity  of 
moillure  drop  from  its  leaves  than  falls  at  the  fame  time  on 
the  ground  in  its  vicinity.  Mr.  White,  in  his  Hiftory  of 
Sclborne,  gives  an  account  of  a large  tree  fo  fituated,  from 
which  a 11  ream  flowed  during  a moving  mill:  fo  as  to  fill  the 
cart-ruts  in  a lane  othcrwifc  not  very  mold: ; and  ingenioufly 
adds,  that  trees  planted  about  ponds  of  ftagnant  water,  con- 
tribute much  by  thefe  means  to  fupply  the  refervoir.  The 
fpherules  which  conflitute  a mill:  or  cloud  are  kept  from  uni- 
ting by  fo  fmall  a power  that  a little  agitation  againfl:  the 
leaves  of  a tree,  or  the  greater  attradion  of  a flat  moifl:  fur- 
face,  condenfes  or  precipitates  them. 

If  a leaf  has  its  furface  moiflened  and  particles  of  water 
feparate  from  each  other  as  in  a mill:  be  brought  near  the 
moiflened  furface  of  a leaf,  each  particle  will  be  attradled 
more  by  that  plain  furface  of  w'ater  on  the  leaf  than  it  can  be 
by  the  furrounding  particles  of  the  mlfl,  becaufe  globules 
only  attrad  each  other  in  one  point,  whereas  a plain  attra6ls 
a globule  by  a greater  extent  of  its  furface. 

The  common  cold  fprings  are  thus  formed  on  elevated 
grounds  by  the  condenfed  vapours,  and  hence  are  ftronger 
when  the  niohts  are  cold  after  hot  days  in  fpring,  than  even 
in  the  wet  days  of  wdnter.  For  the  warm  atmofphere  du- 
rino-  the  dav  has  dlffolved  much  more  water  than  it  can  fup- 
port  in  folution  during  the  cold  of  the  night,  which  is  thus 
depofited  in  large  quantities  on  the  hills,  and  yctfo  gradually 
as  to  foak  in  between  the  flrata  of  them,  rather  than  to  Aide 
off  over  their  furfaccs  like  fliowcrs  of  ram.  1 he  common 
heat  of  the  internal  parts  of  the  earth  isafcertalned  by  fprings 
which  arife  f\-om  flrata  of  earth  too  deep  to  be  affetlcd  by 
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the  heat  of  fummer  or  the  frofts  of  winter.  Thofe  In  this 
country  are  of  48  degrees  of  heat,  thofe  about  Philadelphia 
were  faid  by  Dr.  Franklin  to  be  52 ; whether  this  variation 
is  to  be  accounted  for  by  the  difference  of  the  fun’s  heat  on 
that  country,  according  to  the  ingenious  theory  of  Mr,  Kir- 
Wan,  or  to  the  vicinity  of  fubterranean  fires,  is  not  yet,  I 
ihink,  decided.  There  are  however  fubterraneous  ftreams 
of  water  not  exadbly  produced  in  this  manner,  as  flreams 
ilhiing  from  fiffures  in  the  earth,  communicating  with  the 
craters  of  old  volcanoes;  in  the  Peak  of  Derbyfhire  are  many 
hollows,  called  fwallows,  where  the  land  floods  fink  into  the 
earth,  and  come  out  at  fome  miles  diflant,  as  at  Ham  near 
Afhborne.  See  note  on  Fica,  Vol.  II. 

Other  flreams  of  cold  water  arife  from  beneath  the  fnow' 
on  the  Alps,  and  Andes,  and  other  high  mountains,  which 
is  perpetually  thawing  at  its  under  furface  by  the  common 
heat  of  the  earth,  and  gives  rife  to  large  rivers.  For  the 
origin  of  warm  fprings  fee  note  onFucus,  Vol.  II. 


NOTE  XXVTI. SHELL  FISH. 

You  rouvd  Echinus  ray  his  arrowy  mail. 

Give  the  keel’d  Nautilus  his  oar  and  fail) 

Eirm  to  his  rock  with Jilver  cords  fufpend 
The  anchor’d  Pinna,  and  his  Cancer-friend. 

Canto  III.  1.  67. 

The  armour  of  the  Echinus,  or  Sea  Hedge-hog,  confifls 
generally  of  moveable  fpines;  (Linnei  Syf  em.  Nat.  Vol.  I. 
p.  1 102,)  and  in  that  refpedt  refembles  the  armour  of  the 
land  animal  of  the  fame  name.  The  irregular  protuberan- 
ces on  other  fea-fliells,  as  on  fome  fpccies  of  the  Purpura, 
and  Murex,  ferve  thent  as  a fortification  againfl  the  attacks 
of  their  enemies, 
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It  is  fald  that  this  animal  forefees  tern peftuous  weathers, 
and  finking  to  the  bottom  of  the  fea  adheres  firmly  to  fea 
plants,  or  others  bodies,  by  means  of  a fubflance  which  re- 
fembles  the  horns  of  fnails.  Above  twelve  hundred  of  thefe 
fillets  have  been  counted  by  which  this  animal  fixes  itfelf; 
and  when  afloat,  it  contraiSts  thefe  fillets  between  the  bafes 
of  its  points,  the  number  of  which  often  amounts  to  two 
thoufand.  Di6l  raifonne,  art.  Ourfin  de  mer. 

There  is  a kind  of  Nautilus,  called  by  Linnaeus,  Argo- 
nauta,  whofe  fliell  has  but  one  cell  ; of  this  animal  Pliny 
affirms,  that  having  exonerated  its  flicll  by  throwing  out  the 
water,  it  fwims  upon  the  furface,  extending  a web  of  won- 
derful tenuity,  and  bending  back  two  of  its  arms  and  row- 
ing with  the  reft,  makes  a fail,  and  at  length  receiving  the 
water  dives  again.  Plin.  IX.  2y.  Linnaeus  adds  to  his  de- 
fcri[)tion  of  this  animal,  that  like  the  Crab  Diogenes  or 
Bernhard,  it  occupies  a houfe  not  its  own,  as  it  is  not  con- 
ne6led  to  its  Ibell,  and  is  therefore  foreign  to  it;  who  could 
have  given  credit  to  this  if  it  had  not  been  attefted  by  fo  many 
who  have  with  their  own  eves  fecn  this  arijonaut  in  the  a6l 
of  failing?  Syft.  Nat.  p.  11 61. 

The  Nautilus,  properly  fo  named  by  Linmeus,  has  a ftiell 
confifting  of  many  chambers,  of  which  cups  are  made  in  the 
Eaft  with  beautiful  painting  and  carving  on  the  mother-pearl. 
The  animal  is  faid  to  inhabit  only  the  uppermoft  or  open 
chamber,  which  is  larger  than  the  reft ; and  that  the  reft 
remain  empty,  except  that  the  pipe,  or  fiphunculus,  which 
communicates  from  one  to  the  other  of  them,  is  filled  with  an 
appendage  of  the  animal  like  a gut  or  firing.  Mr.  Hook,  in 
his  Philof.  Exper.  p.  306,  imagines  this  to  be  a dilatable  or 
comprcffible  tube,  like  the  air  bladders  of  filh,  and  that  by 
contrading  or  permitting  it  to  expand,  it  renders  its  fticll 
buovant  or  the  contrary.  Sec  note  on  Ulva,  Vol.  II. 

The  Pinna,  or  Sea- wing',  i.s  contained  in  a two-valve  ftitil 
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weighing  fometimes  fifteen  pounds,  and  emits  a beard  of  fine 
long  gloffy  fjlk-like  fibres,  by  which  it  is  fufpended  to  the  rocks 
twenty  or  thirty  feet  beneath  the  furface  of  the  fea.  In  this 
fituation  it  is  fo  fuccefsfully  attacked  by  the  eight-footed 
Polypus,  that  the  fpecies  perhaps  could  not  exlft  but  for  the 
exertions  of  the  Cancer  Pinnotheris,  who  lives  in  the  fame 
fliell  as  a guard  and  companion.  Amoen.  Acad.  Vol.  II. 
p.  48,  Lin.  Syfl.  Nat.  Vol.  I.  p.  1159,  and  p.  1010. 

The  Pinnotheris,  or  Pinnophylax,  is  a fmall  crab,  naked 
like  Bernard  the  Hermit,  but  is  furniflied  with  good  eyes, 
and  lives  in  the  fame  fhcll  with  the  Pinna;  when  they  want 
food  the  Pinna  opens  its  fhell,  and  fends  its  faithful  ally 
to  forage;  but  if  the  Cancer  fees  the  Polypus,  he  returns 
fuddenly  to  the  arms  of  his  blind  hoftefs,  who  by  clofing 
the  fhell  avoids  the  fury  of  her  enemy;  othervvife,  when 
it  has  procured  a booty,  it  brings  it  to  the  opening  of  the 
fhell,  where  it  is  admitted,  and  they  divide  the  pre)^  This 
was  obferved  by  Haflequilf  in  his  voyage  to  Paleftine. 

The  ByfTus  of  the  antients,  according  to  Ariftotle,  was 
the  beard  of  the  Pinna  above  mentioned,  but  feems  to  have 
been  ufed  by  other  writers  Indifcriminately  for  any  fpun 
material,  which  was  ellcemcd  finer  or  more  valuable  than 
wool.  Eeaumur  fays  the  threads  of  this  ByfTus  are  not  lefs 
fine  or  Icfs  beautiful  than  the  filk,  as  it  is  fpun  by  the  filk- 
worm  ; the  Pinna  on  thecoads  of  Italy  and  Provence  (where 
it  is  fifhed  up  by  iron-hooks  fixed  on  long  poles)  is  called  the 
fdk-worm  of  the  fca.  The  ftockings  and  gloves  manufadtii  red 
from  it,  are  of  exquifite  finenefs,  but  too  warm  for  common 
wear,  and  are  thence  efteemed  ufeful  in  rheumatifm  and 
gout.  Di£f.  raifonne,  art.  Pinne- marine.  The  warmth  of 
the  ByfTus,  like  that  of  filk,  is  probably  owing  to  their  being 
bad  condiuflors  of  heat,  as  well  as  of  ekaricity.  When 
thde  fibres  are  broken  by  violence,  this  animal  as  well  as 
the  mufclc  has  the  power  to  re-producc  them  like  the  com- 
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mon  fpiders,  as  was  obferved  by  M.  Adanfon.  As  raw  filk 
and  raw  cobwebs,  when  fwallowed,  are  liable  to  produce 
great  ficknefs,  (as  I am  informed,)  it  is  probable  the  part  of 
mufcles,  which  fometimes  difagrees  with  the  people  who 
eat  them,  may  be  this  filky  web,  by  which  they  attach 
themfelves  to  ftones.  The  large  kind  of  Pinna  contains 
fome  mother-pearl  of  a reddilh  tinge,  according  to  M. 
d’Argenville.  The  fubftance  fold  under  the  name  of  Indian 
weed,  and  ufed  at  the  bottom  of  fifh-lines,  is  probably 
a production  of  this  kind ; which  however  is  fcarcely  to  be 
diftinguilhed  by  the  eye  from  the  tendons  of  a rat’s  tail;, 
after  they  have  been  feparated  by  putrefaClion  in  water,  and 
well  cleaned  and  rubbed ; a production  which  I was  once 
fhewn  as  a great  curiofity ; it  had  the  uppermoft  bone  of  the 
tail  adhering  to  it,  and  was  faid  to  have  been  ufed  as  an  or- 
nament in  a lady’s  hair. 


NOTE  XXVITL— STURGEON. 

With  worm-like  heard  his  toothlefs  lips  array y 
And  teach  the  unwieldy  Sturgeon  to  letray. 

Canto  III.  1.  71* 

The  Sturgeon,  Acipenfer,  Strurio.  Lin.  Syft.Nat.  Vol.  I. 
p.  403,  is  a fllh  of  great  curiofity  as  well  as  of  great  impor- 
tance ; his  mouth  is  placed  under  the  head,  without  teetb, 
like  the  opening  of  a purfe,  which  he  has  the  power  to  pufh 
fuddenly  out  or  retraCt.  Before  this  mouth  under  the  beak 
or  nofe  hang  four  tendrils  fome  inches  long,  and  which  fo 
refemble  earth-worms  that  at  firfl:  fight  they  may  be  mif- 
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taken  for  them.  This  ckimfy  toothlefs  fiih  is  fuppofed  by 
this  contrivance  to  keep  himfelf  in  good  condition,  the  fo- 
lidity  of  his  fleth  evidently  fhewing  him  to  be  a fUh  of  prey. 
He  is  faid  to  hide  his  large  body  amongft  the  weeds  near 
the  fea.  coaft,  or  at  the  mouths  of  large  rivers,  only  expofmg 
his  clrrhi  or  tendrils,  which  fmall  fifli  or  fea-infe£ls  mifta- 
king  for  real  worms  approach  for  plunder,  and  are  fucked 
into  the  jaws  of  their  enemy.  He  has  been  fuppofed  by 
fome  to  root  into  the  foil  at  the  bottom  of  the  fea  or  rivers ; 
but  the  cirrhi,  or  tendrils  above  mentioned,  which  hang 
from  his  fnout  over  his  mouth,  muft  themfelves  be  very 
inconvenient  for  this  purpofe;  and  as  it  has  no  jaws  it 
evidently  lives  by  fu£lion,  and  during  its  refidence  in  the 
lea  a quantity  of  fea-infe'6ls  are  found  in  its  ftomach. 

The  flelh  was  fo  valued  at  the  time  of  the  Emperor 
Severus,  that  it  was  brought  to  table  by  fervants  with  co- 
ronets on  their  heads,  and  preceded  by  mufic,  which  might 
give  rife  to  its  being  in  our  country  prefented  by  the  Lord 
Mayor  to  the  King,  At  prefentit  is  caught  in  the  Danube, 
and  the  Wolga,  the  Don,  and  other  large  rivers,  for  various 
purpofes.  The  (kin  makes  the  beft  covering  for  carriages  ; 
ifinglafs  is  prepared  from  parts  of  the  (kin  ; caviare  from  the 
fpawn ; and  the  flelh  is  pickled  or  faked,  and  fent  all  over 
Europe. 


NOTE  XXIX.— OIL  ON  WATER. 

Or  ivilfi  fine  films,  fufpended  o'er  the  deep, 

Qf  Oil  effufive  lull  the  waves  tojleep. 

Canto  III.  i.  87. 

There  is  reafon  to  believe  that  when  oil  is  poured  upon 
water,  the  two  lurfaees  do  not  touch  each  other,  but  tha 
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the  oil  is  fufpended  over  the  water  by  their  mutual  repulfion. 
This  feems  to  be  rendered  probable  by  the  following  ex- 
periment ; if  one  drop  of  oil  be  dropped  on  a bafon  of  water, 
it  will  immediately  diffufe  itfelf  over  the  whole,  for  thera 
being  no  frit^ion  between  the  two  furfaces,  there  is  nothing 
to  prevent  its  fpreading  itfelf  by  the  gravity  of  the  upper  part 
of  it,  except  its  own  tenacity,  into  a pellicle  of  the  greateft 
tenuity.  But  if  a fecond  drop  of  oil  be  put  upon  the  for- 
mer, it  does  not  fpread  itfelf,  but  remains  in  the  form  of  a 
drop,  as  the  other  already  occupied  the  whole  furface  of  the 
bafon,  and  there  is  fri£lion  in  oil  paffing  over  oil,  though 
none  in  oil  paffing  over  water. 

Hence  when  oil  is  diffufed  on  the  furface  of  water  gentle 
breezes  have  no  influence  in  raiflng  waves  upon  it ; for  a 
fmall  quantity  of  oil  will  cover  a very  great  furface  of  water,  (I 
fuppofe  a fpoonful  will  diffufe  itfelf  over  fome  acres)  and  the 
wind  blowing  upon  this  carries  it  gradually  forwards;  and 
there  being  no  fri6Uon  between  the  two  furfaces  the  water 
is  not  affe6Ied.  On  which  account  oil  has  no  effedl  in 
ftilling  the  agitation  of  the  water  after  the  wind  ceafes,  as 
was  found  by  the  experiments  of  Dr.  Franklin. 

This  circumftance,  lately  brought  into  notice  by  Dr. 
Franklin,  had  been  mentioned  by  Pliny,  and  is  faid  to  be 
in  ufe  by  the  divers  for  pearls,  who  in  windy  weather  take 
down  with  them  a little  oil  in  their  mouths,  which  they  oc- 
caflonally  give  out  when  the  inequality  of  the  fupernatant 
waves  prevents  them  from  feeing  fufficiently  diflindly  for 
their  purpofe. 

The  wonderful  tenuity  with  which  oil  can  be  fpread  upon 
water  is  evinced  by  a few  drops  projeded  from  a bridge, 
where  the  eye  is  properly  placed  over  it,  paffing  through  all 
the  prifmatic  colours  as  it  diffufes  itfelf.  And  alfo  from 
another  curious  experiment  of  Dr.  Franklin’s:  he  cut  a 
piece  of  cork  to  about  the  flze  of  a letter  wafer,  leaving  a 
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point  ftanding  off  like  a tangent  at  one  edge  of  the  circle. 
This  piece  of  cork  was  then  dipped  in  oil  and  thrown  into 
a large  pond  of  water,  and  as  the  oil  flowed  oft'  at  the  point, 
the  cork-wafer  continued  to  revolve  in  a contrary  direaion 
for  feveral  minutes.  The  oil  flowing  off  all  that  time  at 
the  pointed  tangent  in  coloured  ftreams.  In  a fmall  pond 
of  water  this  experiment  does  not  fo  well  fucceed,  as  the 
circulation  of  the  cork  flops  as  foon  as  the  water  becomes 
covered  with  the  pellicle  of  oil.  See  Additional  Note,  No. 

XIII.  and  Note  on  Fucus,  Vol.  II. 

The  cafe  with  which  oil  and  water  Aide  over  each  other 
is  agreeably  feen  if  a phial  be  about  half  filled  with  equal 
parts  of  oil  and  water,  and  made  to  ofcillate  fufpended  by 
a firing,  the  upper  furface  of  the  oil  and  the  lower  one  of 
the  water  will  always  keep  fmoolh  ; but  the  agitation  of  the 
furfaces  where  the  oil  and  water  meet,  is  curious  j for  their 
fpecific  gravities  being  not  very  different,  and  their  fridion  on 
each  other  nothing,  the  higheft  fide  ofthe  water,  as  the  phial 
defeends  in  its  ofcillation,  having  acquired  a greater  mo- 
mentum than  the  lowed  fide  (from  its  having  defeended 
farther)  would  rife  the  higheft  on  the  afeending  fide  of  the 
ofcillation,  and  thence  puflies  the  then  uppermoft  part  of 
the-water  amongft  the  oil. 


NOTE  XXX.-SHIP-WORM. 

V 

Meet  fell  Teredo,  as  he  mines  the  keel 
With  beaked  head,  and  break  his  lips  of  Jieel. 

Canto  III.  1.  91. 

The  Teredo,  or  ftiip-worm,  has  two  calcareous  jaws, 
^emifpherical,  flat  before,  and  angular  behind.  The  (hell 
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is  t^per,  winding}  penetrating  fliips  and  fubmarine  wood, 
and  was  brought  from  India  into  Europe.  Linnel  Syftem. 
Nat.  p.  12C7.  The  Tarieres,  or  fca-worms,  attack  and 
erode  fliips  with  fuch  fury,  and  in  fuch  numbers,  as  often 
greatly  to  endanger  them.  It  is  fald  that  our  veffels  have 
not  known  this  new  enemy  above  fifty  years,  that  they  \vere 
brought  from  the  fea  about  the  Antilles  to  our  parts  of  the 
ocean,  where  they  have  increafed  prodigioufly.  They  bore 
their  paffage  in  the  direction  of  the  fibres  of  the  wood, 
which  is  their  nourilbment,  and  cannot  return  or  pafs 
obliquely,  and  thence  when  they  come  to  a knot  in  the 
wood,  or  when  two  of  them  meet  together  with  their  ftony 
mouths,  they  perilh  for  want  of  food. 

In  the  years  1731  and  1732  the  United  Provinces  were 
under  a dreadful  alarm  concerning  thefe  Infedts,  which  had 
made  great  depredation  on  the  piles  which  fupport  the  banks 
of  Zealand;  but  it  was  happily  difeovered  a few  years  after- 
wards that  thefe  Infodls  had  totally  abandoned  that  ifland, 
(Di6l.  Raifonne,  art.  Vers  Rongeurs,)  which  might  have 
* been  occafioned  by  their  not  being  able  to  live  in  that  la- 
titude when  the  winter  was  rather  feverer  than  ufual. 


NOTE  XXXL— MAELSTROM. 

Turn  the  Iroad  helm,  the  fluttering  canvas  tirge 
From  Maelflrond s fierce  innavigable  /urge. 

Canto  III.  1.  93. 

On  the  coafi:  of  Norway  there  is  an  extenfive  vortex,  or 
eddv,  which  lies  between  the  ifiands  of  Moflcoe  and  Mofk- 
enas,  and  is  called  Mofkoefirom,  or  Maelfirom;  it  occupies 
foine  leagues  in  circumference,  and  is  laid  to  be  very  dan- 
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gerous  and  often  deftru£llve  to  veffels  navigating  thefe  feas. 
It  is  not  eafy  to  underHand  the  exiftence  of  a conftant  de- 
feending  hream  without  fujtpofing  it  mufl;  pafs  through  a 
fubterranean  cavity  to  fome  other  part  of  the  earth  or  ocean 
which  may  lie  beneath  its  level;  as  the  Mediterranean  feems 
to  lie  beneath  the  level  of  the  Atlantic  ocean,  which  there- 
fore conflantly  flows  into  it  through  the  Straits;  and  the 
waters  of  the  Gnlph  of  Mexico  lie  much  above  the  level  of 
the  fea  about  the  Floridas  and  farther  northward,  which 
gives  rife  to  the  Gulph-flream,  as  deferibed  in  note  on 
CaflTia  in  ’'/ol.  II. 

TheMaelftrom  is  faid  to  be  flill  twice  in  about  twenty- 
four  hours  when  the  tide  is  up,  and  moll  violent  at  the 
oppofite  limes  of  the  day.  This  is  not  difficult  to  account 
for,  fince  when  fo  much  water  is  brought  over  the  fubterra- 
neous  paflTage,  if  fuch  exifts,  as  completely  to  fill  it  and  ftand 
many  feet  above  it,  lefs  dilhirbance  mull  appear  on  the  fur- 
face.  The  Maelftrom  is  deferibed  in  the  Memoirs  of  the 
Swedifli  Academy  of  Sciences,  and  Fontopiddon’s  Hill,  of 
Norway,  and  in  the  Univerfal  Mufeum  for  1763,  p.  131. 

The  reafon  why  eddies  of  water  become  hollow  in  the 
middle  is  becaufe  the  water  immediately  over  the  centre  of 
the  well,  or  cavity,  falls  fafler,  having  lefs  friftion  to  oppofe 
its  defeent,  than  the  water  over  the  circumference  or  edges 
of  the  well.  The  circular  motion  or  gyration  of  eddies  de- 
pends on  the  obliquity  of  the  courfe  of  the  llream,  or  to  the 
friaion  or  oppofition  to  it  being  greater  on  the  one  hde  of 
the  well  than  the  other;  I have  obferved  in  water  paffing 
through  a hole  in  the  bottom  of  a trough,  which  was  always 
kept  full,  the  gyration  of  the  flream  might  be  turned  either 
wav  by  increaling  the  oppofition  of  one  fide  of  the  eddy 
with  one’s  finger,  or  by  turning  the  fpout,  through  which 
the  water  was  introduced,  a little  more  obliquely  to  the  hole 
on  one  fide  or  on  the  other.  Lighter  bodies  are  liable  to  be 
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retained  long  in  eddies  of  water,  while  thofe  rather  heavier 
than  water  arc  foon  thrown  out  beyond  the  ciicuinferencc 
by  their  acquired  momentum  becoming  greater  than  that  of 
T. hus  if  equal  portions  of  oil  and  water  be 
put  into  a phial,  and  by  means  of  a firing  be  whirled  in  a 
circle  round  the  hand,  the  water  will  always  keep  at  the 
greater  diflance  from  the  centre,  whence  in  the  eddies  formed 
in  rivers  during  a flood  a perfon  who  endeavours  to  keep 
above  water  or  to  fwim  is  liable  to  be  detained  in  them,  but 
on  fufterino’  himfelf  to  fmk  or  dive  he  is  faid  readily  to  efcape. 
This  circulation  of  w'ater  in  defeending  through  a hole  in  a 
veflel  Dr.  Franklin  has  ingenioufly  applied  to  the  explana- 
tion of  hurricanes  or  eddies  of  air. 


NOTE  XXXIL— GLACIERS. 

Where  round  dark  crags  indignant  Waters  lend 

Through  rifted  ice,  in  ivory  veins  defeend. 

^ Canto  III.  1.  1 13. 

The  common  heat  of  the  interior  parts  of  the  earth  being 
always  48  degrees,  both  in  w-inter  and  fummer,  the  fnow 
which  lies  in  contad  with  it  is  always  in  a thawing  (late; 
hence  in  ice-houfes  the  external  parts  of  the  collcdion 
of  ice  is  perpetually  thawing  and  thus  preferves  the  internal 
part  of  it;  fo  that  it  is  neceflary  to  lay  up  many  tons  for  the 
prefervation  of  one  ton.  Hence  in  Italy  conlidcrable  rivers 
have  their  fource  from  beneath  the  eternal  glaciers,  or 
mountains  of  Inow  and  ice. 

In  our  country  when  the  air  in  the  courfe  of  a frofl  con- 
tinues a day  or  two  at  very  near  32  degrees,  the  common 
heat  of  the  earth  thaws  the  ioc  on  its  furface,  while  the 
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thermometer  remains  at  the  freezing  point.  This  circnm- 
Ranee  is  often  obfervable  in  the  rimy  mornings  of  fpring  j 
the  thermometer  fhall  continue  at  the  freezing  point,  yet  all 
the  rime  will  vanifli,  except  that  which  happens  to  lie  on 
a bridge,  a board,  or  on  a cake  of  cow-dung,  which  being 
thus  as  it  were  infulated  or  cut  off  from  fo  free  a communi- 
cation with  the  common  heat  of  the  earth  by  means  of  the 
air  under  the  bridge,  or  wood,  or  dung,  which  are  bad  con- 
ductors of  heat,  continues  fome  time  longer  unthawed. 
Hence  when  the  ground  is  covered  thick  w^ith  fnow,  though 
the  frofl:  continues,  and  the  fun  does  not  fhine,  yet  the  fnow 
is  obferved  to  dccreafe  very  fenfibly.  For  the  common 
heat  of  the  earth  melts  the  under  furface  of  it,  and  the  upper 
one  evaporates  by  its  folution  in  the  air.  The  great  eva- 
poration of  ice  was  obferved  by  Mr.  Boyle,  which  experi- 
ment T repeated  fome  time  ago.  Having  fufpended  a piece 
of  ice  by  a wire,  and  weighed  it  with  care  without  touching  it 
with  my  hand,  I hung  it  out  the  whole  of  a clear  frofly  night, 
and  found  in  the  morning  it  had  loft  nearly  a fifth  of  its 
vvei<rht.  Mr.  N.  W.illerius  has  fmee  obferved  that  ice  at  the 
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time  of  its  congelation  evaporates  fafter  than  water  in  its  fluid 
form  ; which  may  be  accounted  for  from  the  heat  given 
out  at  the  inftant  of  freezing ; (SauflTure’s  EflTais  fur  Hygro- 
met.  p.  249.)  but  this  cfleCt  is  only  momentary. 

Thus  the  vegetables  that  are  covered  with  fnow  are  fel- 
dom  injured  ; Imee,  as  they  lie  between  the  thawing  fnow, 
which  has  32  degrees  of  heat,  and  the  covered  earth  which  has 
48,  they  are  preferved  in  a degree  of  heat  betu'cen  thefe,  viz. 
in  40  degrees  of  heat.  Whence  the  mofs  on  which  the 
rein-deer  feed  in  the  northern  latitudes  vegetates  beneath 
the  fmnv  ; (Sec  note  on  Mufehus,  Vol.  II.)  and  hence  many 
Lapland  and  Alpine  plants  periflicd  through  cold  in  the 
botanic  garden  at  L-pfal,  for  in  their  native  fituations,  though 
the  cold  is  much  more  i-ntenfe,  yet  at  its  very  commence- 
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men  t they  are  covered  deep  with  fnovv,  which  remains  till 
late  in  the  fpring.  For  this  fa£l  fee  Amaenit.  Academ. 
Vol.  I.  No.  48.  In  our  climate  fuch  plants  do  well  covered 
with  dried  fern,  under  which  they  will  grow,  and  even 
flo^wer,  till  the  fevere  vernal  frofts  ceafe.  For  the  increafe 
of  glaciers  fee  Note  on  Canto  I.  1,  529. 


NOTE  XXXIII.— WINDS. 

While  fouthern  Gales  o’er  wejlern  oceans  roll, 

And  Eurus  Jieals  his  ice-winds  from  the  Pole. 

Canto  IV.  1.  15. 

The  theory  of  the  winds  is  yet  very  lmpcrfe£I,  in  part 
perhaps  owing  to  the  want  of  obfervations  fufficiently  nu- 
merous of  the  exadt  times  and  places  where  they  begin  and 
ceafe  to  blow,  but  chiefly  to  our  yet  imperfedl  knowdedge 
of  the  means  by  which  great  regions  of  air  are  either  fud- 
denly  produced  or  fuddenly  deftroyed. 

The  air  is  perpetually  fubjedl  to  increafe  or  diminution 
from  its  combination  with  other  bodies,  or  its  evolution 
from  them.  The  vital  part  of  the  air,  called  oxvgcne,  is 
continually  produced  in  this  climate  from  the  perfpiration 
of  vegetables  in  the  funlhine,  and  probably  from  the  adlion 
of  light  on  clouds  or  on  w'ater  in  the  tropical  climates,  where 
the  fun  has  greater  power,  and  may  exert  fome  yet  unknown 
laws  of  luminous  combination.  Another  part  of  the  atmof- 
pherc,  which  is  called  azote,  is  perpetually  fet  at  liberty 
from  animal  and  vegetable  bodies  by  putrefaction  or  com- 
buftion,  from  many  fprings  of  water,  from  volatile  alkali, 
and  probably  from  fixed  alkali,  of  which  there  is  an  ex- 
hauftlefs  fource  in  the  water  of  the  ocean.  Both  thefe 
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component  parts  of  the  air  are  perpetually  again  diminiflied 
by  their  contaft  with  the  foil,  which  covers  the  furface  of 
the  earth,  producing  nitre.  The  oxygene  is  diminiflied  in 
the  production  of  all  acids,  of  which  the  carbonic  and  mu- 
riatic exift  in  great  abundance.  The  azote  is  diminifhed 
in  the  growth  of  animal  bodies,  of  which  it  confiitutes  an 
important  part,  and  in  its  combinations  with  many  other 
natural  productions. 

They  are  both  probably  diminilhed  in  immenfe  quanti- 
ties by  uniting  with  the  inflammable  air,  which  arifes  from 
the  mud  of  rivers  and  lakes  at  fome  feafons,  when  the  at- 
mbfpherc  is  light ; the  oxygene  of  the  air  producing  w^ater, 
and  the  azote  producing  volatile  alkali  by  their  combinations 
with  this  inflammable  air.  At  other  feafons  of  the  year 
thefe  principles  may  again  change  their  combinations,  and 
the  atmofpheric  air  be  reproduced. 

Mr.  Lavoifier  found  that  one  pound  of  charcoal  in  burn- 
ing confumed  two  pounds  nine  ounces  of  vital  air,  or 
oxygene.  The  confumption  of  vital  air  in  the  procefs  of 
making  red  lead  may  readily  be  reduced  to  calculation ; a 
fmall  barrel  contains  about  twelve  hundred  weight  of  this 
commodity,  1200  pounds  of  lead  by  calcination  abforb 
about  144  pounds  of  vital  air;  now  as  a cubic  foot  of  water 
weighs  1000  avoirdupois  ounces,  and  as  vital  air  is  above  800 
times  lighter  than  water,  it  follows  that  every  barrel  of  red 
lead  contains  nearly  2000  cubic  feet  of  vital  air.  If  this  can 
be  performed  in  miniature  in  a fmall  oven,  what  may  not 
be  done  in  the  immenfe  elaboratories  of  nature  ! 

Thefe  great  elaboratories  of  nature  include  almofl;  all  her 
folTil  as  well  as  her  animal  and  vegetable  produAlons.  Dr, 
Prieflley  obtained  air  of  greater  or  lefs  purity,  both  vital 
and  azotic,  from  almofl  all  the  foflil  fubflances  he  fubje61ed 
to  experiment.  Four  ounce-weight  of  lava  from  Iceland 
heated  in  an  earthern  retort  yielded  twenty  ounce-meafures 
of  air. 
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20  ouncc-meafures  of  air. 
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In  this  account  the  fixed  air  was  previoufly  cxtra6Ied  from 
the  hme-ftones  by  acids,  and  the  heat  applied  was  much  kis 
than  was  neceflary  to  extra6I  all  the  air  from  the  bodies 
employed.  Add  to  this  the  known  quantities  of  air  which 
are  combined  with  the  calciform  ores,  as  the  ochres  of  iron, 
nianganefe,  calamv,  grey  ore  of  lead,  and  fome  idea  may  be 
formed  of  the  great  produ6lion  ot  air  in  volcanic  eruptions, 
as  mentioned  in  note  on  Chunda,  Vol.  II.  and  of  the  per- 
petual al)forptions  and  evolutions  of  whole  oceans  of  air 
from  every  part  of  the  earth. 

But  there  would  feem  to  be  an  officina  acris,  a fliop 
where  air  is  both  manufacStured  and  defiroycd  in  the  greateft 
abundance  within  the  polar  circles,  as  will  hereafter  be 
fpoken  of.  Can  this  be  effeded  by  fome  yet  unknown  law 
of  the  congelation  of  aqueous  or  faline  fluids,  whicb  may  fci 
at  liberty  their  combined  heat,  and  convert  a part  botli  of 
the  acid  and  alkali  of  fea-water  into  their  component  airs? 
Or  oil  the  contrarv  can  the  cle.clricitv  of  the  northern  lights 
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convert  inflammable  air  and  oxygene  Into  water,  whilst  the 
great  degree  of  cold  at  the  poles  unites  the  azote  with  fome 
other  bafe?  Another  officina  aeris,  or  manufacture  of  air, 
would  feem  to  exifl:  within  the  tropics  or  at  the  line,  though 
in  a much  lefs  quantity  than  at  the  poles,  owing  perhaps  to 
the  action  of  the  fun’s  light  on  the  moifture  fufpended  in 
the  air,  as  will  alfo  be  fpoken  of  hereafter;  but  in  all  other 
parts  of  the  earth  thefe  abforptions  and  evolutions  of  air  in 
a greater  or  lefs  degree  are  perpetually  going  on  in  incon- 
ceivable abundance;  increafed  probably,  and  diminifhed  at 
diflferent  feafons  of  the  year  by  the  approach  or  retroceffioii 
of  the  fun’s  light;  future  difeoveries  muft  elucidate  this  part 
of  the  fubjeft.  To  this  fliould  be  added  that  as  heat  and 
ele6lricitv,  and  perhaps  magnetifm,  are  known  to  difplacc 
air,  that  it  is  not  impoffihle  but  that  the  increafed  or  dimi- 
niflied  quantities  of  thefe  fluids  diffufed  in  the  atmofphere 
may  increafe  its  weight  as  well  as  its  bulk;  fince  their 
fpecific  attradlions  or  affinities  to  matter  are  very  ftrong, 
they  probably  alfo  poflefs  general  gravitation  to  the  earth  ; 
a fubje£t  which  wants  further  inveftigation.  See  Note 
XXVI. 


SOUTH-WEST  WINOS. 

The  velocity  of  the  furface  of  the  earth  in  moving  round 
its  axis  diminiffies  from  the  equator  to  the  poles.  Whence 
if  a region  of  air  in  this  country  fliould  be  fuddenly  removed 
a few  degrees  towards  the  north  it  muft  conftitute  a weftern 
wind,  bccaufc  from  the  velocity  it  had  previoufly  acquired  in 
this  climate  by  its  fridion  with  the  earth  it  would  for  a time 
move  quicker  than  the  furface  of  the  country  it  was  removed 
to;  the  contrary  muft  enfue  when  a region  of  air  is  tranf- 
ported  from  this  country  a few  degrees  louthward,  becaufe 
the  velocity  it  had  acquired  in  this  climate  would  be  lefs  than 
that  of  the  earth’s  furface  where  it  was  removed  to,  whence 
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it  would' appear  to  conriitute  a wind  from  the  eaft,  while  in 
reality  the  eminent  parts  of  the  earth  would  be  carried 
againft  the  too  flow  air.  But  if  this  tranfportaiion  of  air 
from  fouth  to  north  be  performed  gradually,  the  motion  of 
the  wind  will  blow  in  the  diagonal  between  fouth  and  wetl. 
And  on  the  contrary  if  a region  of  air  be  gradually  removed 
from  north  to  fouth  it  would  alfo  blow  diagonally  between 
the  north  and  eafl,  from  wdicnce  we  may  fafely  conclude 
that  all  our  winds  in  this  country  which  blow  from  the  north 
or  eafl,  or  any  point  between  them,  confifl  of  regions  of  air 
brought  from  the  north  j and  that  all  our  winds  blowing 
from  the  fouth  or  wefl,  or  from  any  point  between  them, 
are  reo-ions  of  air  brought  from  the  fouth. 

It  frequently  happens  during  the  vernal  months  that  after 
a north-eafl  wind  has  pafled  over  us  for  fevcral  weeks,  during 
which  time  the  barometer  has  flood  at  above  30.t  inches,  it 
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becomes  fuddenly  fucceeded  by  a fouth-wefl:  wind,  which 
alfo  continues  feveral  weeks,  and  the  barometer  flu-ks  to 
nearly  28|  inches.  Now  as  two  inches  of  the  mercury  in 
the  barometer  balance  one  fifteenth  part  of  the  whole  at- 
mofphere,  an  important  queflion  here  prefents  itfclf,  tvlict 
is  become  of  all  this  air  P 

1.  This  great  quantity  of  air  cannot  be  carried  in  a fa- 
perior  current  towards  the  line,  while  the  inferior  current 
flows  towards  the  poles,  becaufe  then  it  would  equally  aflciT 
the  barometer  which  fliould  net  therefore  fubflde  from 
inches  to  28i  for  tlx  weeks  together. 

2.  It  cannot  be  owincr  to  the  air  havinc:  lofl  all  the  molf- 
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tore  wdiich  was  previoufly  diflblved  in  it,  becaufe  thefe  warm 
fouth-wefl  winds  are  replete  w'iih  moiflure,  and  the  cold 
north-eafl  winds,  which  weigh  up  the  mercury  in  the  baro- 
meter to  31  inches,  conflll;  of  dry  air. 

3.  It  cannot  be  carried  over  the  polar  regions  and  be  accu- 
mulated on  the  meridian  oppofite  to  us  in  its' jiafl'age  towards 
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the  line,  as  fuch  an  accumulation  would  equal  one-fitteenth 
of  the  whole  atmofphere,  and  cannot  be  fuppofed  to  re- 
main in  that  fituation  for  fix  weeks  together. 

4.  It  cannot  depend  on  the  exigence  of  tides  in  the  at- 
mofphere,  fincc  it  miitl:  then  correfpond  to  lunar  periods. 
Nor  on  accumulations  of  air  from  the  fpccific  levity  of  the 
upper  regions  of  the  atmofphere,  fince  its  degree  of  fluidity 
mufl;  correfpond  with  its  tenuity  and  confequently  fuch  great 
mountains  of  air  can  not  be  fuppofed  to  exifl  for  fo  many 
weeks  together  as  the  fouth-weft  winds  fometimes  continue. 

5.  It  remains  therefore  that  there  mufl  be  at  this  time  a 
great  and  fudden  abforption  of  air  in  the  polar  circle  by 
fonie  unknown  operation  of  nature,  and  that  the  fouth  wdnd 
runs  in  to  fupply  the  deficiency.  Now  as  this  fouth  wind 
confifls  of  air  brought  from  a part  of  the  earth’s  furface 
which  moves  faftcr  than  it  docs  in  this  climate,  it  mufl  have 
at  the  fame  time  a direction  from  the  w'cfl,  by  retaining  part 
of  the  velocity  it  had  previoufly  acquired.  Thcfe  fouth- 
wefl  w'inds  coming  from  a w^armer  country,  and  becoming 
colder  by  their  contaft  w ith  the  earth  of  this  climate,  and 
by  their  expanfion,  (fo  great  a part  of  the  fuperincumbent 
atmofphere  having  vaniflied,)  precipitate  their  moiflure; 
and  as  they  continue  for  feveral  weeks  to  be  abforbed  in 
the  polar  circle  would  feem  to  receive  a perpetual  fupply 
from  the  tropical  regions,  cfpecially  over  the  line,  as  will 
hereafter  be  fpoken  oh 

It  may  fometimes  happen  that  a north-cafl  wind  hav- 
ing pafiTed  over  us  mav  be  bent  down  and  driven  back 
before  it  has  accpiired  any  heat  from  the  climate,  and  may 
thus  for  a few  hours  or  a day  have  a foutli-wefl  dire6lion, 
and  from  its  clefccnding  from  a higher  region  of  the  at- 
mofphere mav  poflefs  a greater  degree  of  cold  than  an 

inferior  norili'Calr  ourrent  of  air. 

. The  extreme  cold  of  .Jan.  13,  at  Paris,  came  on 
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with  a gentle  fouth  wind,  and  was  diminilhed  when  the 
wind  changed  to  the  north,  which  is  accounted  for  by  Mr. 
Homberg  from  a reflux  of  air  which  had  been  flowing  for 
fome  time  from  the  north.  Chemical  Eflays  by  R.  Wat- 
fon,  Vol.  V.  p.  182. 

It  may  happen  that  a north-eafl;  current  may  for  a day 
or  two  pafs  over  us  and  produce  inceflant  rain  by  mixing 
with  the  inferior  fouth-weft  currentj  but  this  as  w^ell  as 
the  former  is  of  fhort  duration,  as  its  fridlion  will  foon 
carry  the  inferior  current  along  with  it,  and  dry  or  frofty 
weather  will  then  fucceed. 

NORTH-EAST  WINDS. 

The  north-eall  winds  of  this  country  confifl:  of  regions 
of  air  from  the  north,  travelling  fometiines  at  the  rate  of 
about  a mile  in  two  minutes  during  the  vernal  months  for 
feveral  weeks  together  from  the  polar  regions  toward  the 
fouth,  the  mercury  in  the  barometer  flanding  above  30. 
Thefe  winds  confift  of  air  greatly  cooled  by  the  evaporation 
of  the  ice  and  fnow  over  which  it  paflTes,  and  as  they  become 
warmer  by  their  contadl  with  the  earth  of  this  climate  are 
capable  of  diflblving  more  moifture  as  they  pafs  along,  and 
are  thence  attended  with  frofts  in  winter  and  with  dry  hot 
weather  in  fummer. 

1.  This  great  quantity  of  air  cannot  be  fupplied  by  fu- 
perior  currents  paflTing  in  a contrary  direilion  from  fouth 
to  north,  becaufe  fuch  currents  muft  as  they  arife  into  the 
atmofphere  a mile  or  two  high  become  expofed  to  fo  great 
cold  as  to  occafion  them  to  depolxt  their  moiflure,  which 
would  fall  through  the  inferior  current  upon  the  earth  in 
fome  part  of  their  paflTage, 

2.  The  whole  atmofphere  mufl  have  increafed  in  quan- 
tity, becaufe  it  appears  by  the  barometer  that  there  exifls 

Vol.  I.  Cc 


386 


WINDS. 


Note  XXXIH. 


one-fifteenth  part  more  air  over  us  for  many  weeks  to- 
gether, which  could  not  be  thus  accuinlated  by  difference 
of  temperature  in  refpedf  to  heat,  or  by  any  aeroflatic  laws 
at  prefent  known,  or  by  any  lunar  influence. 

From  whence  it  would  appear  that  immenfe  maflTes  of 
air  were  fet  at  liberty  from  their  combinations  with  folid 
bodies,  along  with  a fufficient  quantity  of  combined' heat, 
within  the  polar  circle,  or  in  fome  region  to  the  north  of 
us;  and  that  they  thus  perpetually  increafe  the  quantity  of 
the  atmofphere;  and  that  this  is  again  at  certain  times  re- 
abforbed,  or  enters  Into  new  combinations  at  the  line  or 
tropical  regions.  By  which  wonderful  contrivance  the  at- 
mofphere is  perpetually  renewed  and  rendered  fit  for  the 
fupport  of  animal  and  vegetable  life. 

SOUTH-EAST  WINDS. 

The  fouth-eafl:  winds  of  this  country  ccnfift  of  air  from 
the  north  which  had  pafled  by  us,  or  over  us,  and  before 
it  had  obtained  the  velocity  of  the  earth’s  furface  in  this 
climate  had  been  driven  back,  owing  to  a deficiency  of  air 
now  commencing  at  the  polar  regions.  Hence  thefe  are 
generally  dry  or  freezing  winds,  and  if  they  fuccecd  nonh- 
eaft  winds  fliould  prognoflicate  a change  of  wind  from 
north-caft  to  fouth-wefl  ; the  barometer  is  generally  about 
30,  q'hey  are  fometimes  attended  with  cloudy  weather,  or 
rain,  owing  to  their  having  acquired  an  increafed  degree  of 
warmth  and  moiflure  before  they  became  retrograde;  or  to 
their  being  mixed  with  air  from  the  fouth. 

•2.  Sometimes  thefe  fouth-eafl:  winds  confift  of  a vertical 
eddy  of  north -eaft  air,  without  any  mixture  of  fouth-weft 
air;  in  that  cafe  the  barometer  continues  above  30,  and  the 
weather  is  dry  or  frofly  for  four  or  five  days  together. 

It  fliould  here  be  obferved,  that  air  being  an  elaftic  fluid 
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muft  be  more  liable  to  eddies  than  water,  and  that  thefe 
eddies  muft  extend  into  cylinders  or  vortexes  of  greater 
diameter,  and  that  if  a vertical  eddy  of  north- ead  air  be  of 
fmall  diameter  or  has  pafled  but  a litilc  way  to  the  fouth  of 
us  before  its  return,  it  will  not  have  gained  the  velocity  of 
the  earth’s  furface  to  the  fouth  of  us,  and  will  in  confequence 
become  a fouth-eaft  wind. — But  if  the  vertical  eddy  be  of 
large  diameter,  or  has  pafled  much  to  the  fouth  of  us,  it 
will  have  acquired  velocity  from  its  friction  with  the  earth  s 
furface  to  the  fouth  of  us,  and  will  in  confequence  on  its 
return  become  a fouth-weft  wind,  producing  great  cold. 

NORTH-WEST  WINDS. 

There  feem  to  be  three  fources  of  the  north -weft  winds 
of  this  hemifphere  of  the  earth.  1.  When  a portion  of 
fouthern  air,  which  was  paflino;  over  us,  is  driven  back  by 
accumulation  of  new  air  in  the  polar  regions.  In  this 
cafe  I fuppofe  they  are  generally  moift  or  rainy  winds, 
with  the  barometer  under  .30,  and  if  the  wind  had  pre- 
vioufly  been  in  the  fouth-weft,  it  would  feem  to  proignof- 
ticate  a change  to  the  north-cad. 

2.  If  a current  of  north  wind  is  pafling  over  us  but  a few 
miles  high,  without  any  eafterly  direflion  •,  and  is  bent  down 
upon  us,  it  mult  immediately  poffefs  a wefterly  direflion, 
becaufe  it  will  now  move  fafler  than  the  furface  of  the  earth 
where  it  arrives;  and  thus  becomes  changed  from  a north- 
eaft  to  a north-weft  wind.  The  defeent  ofanorth-caft  cur- 
rent of  air  producing  a north-weft  wind  may  continue  fome 
days  with  clear  or  freezing  weather,  as  it  may  be  Amply  owing 
to  a vertical  eddy  of  north-eaft  air,  as  will  be  fpoken  of  be- 
low. It  may  otherwife  be  forced  down  by  a current  of  fouth- 
w’eft  w'ind  pafling  over  it,  and  in  this  cafe  it  will  be  attended 
with  rain  for  a few  days  by  the  mixture  of  tlie  two  airs  of 
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different  degrees  of  heat ; and  will  prognofticate  a change  of 
wind  from  north-eaflto.fouth-weft  if  thewind  was  previoufly 
in  the  north-eaft  quarter. 

3.  On  the  eaftern  coaft  of  North  America  the  north-weft 
winds  bring  froft,  as  the  north-eaft  winds  do  in  this  country, 
as  appears  from  variety  of  teftimony.  This  feems  to  happen 
from  a vertical  fpiral  eddy  made  in  the  atmofphere  between 
the  fhore  and  the  ridge  of  mountains  which  form  the  fpine 
or  back-bone  of  that  continent.  If  a current  of  water  runs 
along  the  hypothenufe  of  a triangle  an  eddy  will  be  made  in 
the  included  angle,  which  will  turn  round  like  a water-wheel 
as  the  ftream  paffes  in  contacSt  with  one  edge  of  it.  The 
fame  muft  happen  when  a fheet  of  air  flowing  along  from 
the  north-eaft  rifes  from  the  Ihore  in  a ftraight  line  to  the 
fummit  of  the  Apalachian  mountains,  a part  of  the  ftream 
of  north-eaft  air  will  flow  over  the  mountains,  another  part 
will  revert  and  circulate  fpirally  between  the  lummlt  of  the 
country  and  the  eaflern  ftiore,  continuing  to  move  toward  the 
fouth ; and  thus  be  changed  from  a north-eaft  to  a north- 
weft  wind. 

This  vertical  fpiral  eddy  having  been  in  conta£l  with  the 
cold  fummits  of  thefe  mountains,  and  defeending  from  higher 
parts  of  the  atmofphere  will  lofe  part  of  its  heat,  and  thus 
conftituteonecaufeof  the  greater  coldnefs  of  the  eaftern  Tides 
of  North  America  than  of  the  European  fttores  oppofite  to 
them,  which  is  faid  to  be  equal  to  twelve  degrees  of  north 
latitude,  which  is  a wonderful  fact,  nor  otherwife  cafy  to  be 
. explained,  fince  the  heat  of  the  fprings  at  Philadelphia  is  faid 
to  be  52,  which  is  greater  than  the  medium  heat  of  the  earth 
in  this  country. 

The  exiftence  of  vertical  eddies,  or  great  cylln  ders  of  air 
rolling  on  the  furfaee  of  the  earth,  is  agreeable  to  the  obfer- 
• vations  of  the  conftrufliors  of  windmills  j who  on  this  idea 
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place  the  area  of  the  falls  leaning  backwards,  inclined  to  the 
horizon;  and  believe  that  then  they«have  greater  power  than 
when  they  are  placed  quite  perpendicularly.  The  fame  kind 
of  rolling  cylinders  of  water  obtain  in  rivers  owing  to  the 
fridion  of  the  water  atralnfl:  the  earth  at  their  bottoms;  as 
is  known  by  bodies  having  been  obferved  to  float  upon  their 
furfaces  quicker  than  when  immerfcd  to  a certain  depth. 
Thefc  vertical  eddies  of  air  probably  exift  all  over  the  earth’s 
furface,  but  particularly  at  the  bottom  or  fidesof  mountains; 
and  more  fo  probably  in  the  courfe  of  the  fouth-weft  than  of 
the  north-eaft  winds;  becaufe  the  former  fall  from  an  emi- 
nence, as  it  were,  on  a part  of  the  earth  where  there  is  a de- 
ficiency of  the  quantity  of  air ; as  is  fhewn  by  the  finking 
of  the  barometer : whereas  the  latter  are  puflied  or  fqueezed 
forw'ard  by  an  addition  to  the  atmofphere  behind  them,  as 
appears  by  the  rifing  of  the  barometer, 

TRADE-WINDS. 

A column  of  heated  air  becomes  lighter  than  before,  and 
will  therefore  afeend,  by  the  preffure  of  the  cold  air  which 
furrounds  it,  like  a cork  in  water,  or  like  heated  fmoke  in  a 
chimney. 

Now  as  the  fun  pafles  twice  over  the  equator  for  once  over 
either  tropic,  the  equator  has  not  time  to  become  cool ; and 
on  this  account  it  is  in  general  hotter  at  the  line  than  at  the 
tropics ; and  therefore  the  air  over  the  line,  except  in  fome 
few'  iuflances  hereafter  to  be  mentioned,  continues  to  afeend 
at  all  feafons  of  the  year,  preflTed  upwards  by  regions  of  air 
brought  from  the  tropics. 

7'his  air  thus  brought  from  the  tropics  to  the  equator, 
would  conftitute  a north  wind  on  one  tide  of  the  equator, 
and  a fouth  wind  on  the. other;  but  as  the  furface  of  the 
ca/th  at  the  equator  niovcs  quicker  than  the  furface  of  the 
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earth  at  the  tropics,  it  is  evident  that  a region  of  air  brought 
from  either  tropic  to  the  equator,  and  which  had  previoully 
only  acquired  the  velocity  of  the  earth’s  furface  at  the  tro- 
pics, will  now  move  too  flow  for  the  earth’s  furface  at  the 
equator,  and  will  thence  appear  to  move  in  a direftion  con- 
trary to  the  motion  of  the  earth.  Hence  the  trade-winds, 
though  they  confi^  of  regions  of  air  brought  from  the  north 
on  one  fide  of  the  line,  and  from  the  fouth  on  the  other,  will 
appear  to  have  the  diagonal  direaion  of  north-eaft  and 

fouth-ead:  winds. 

Now  it  is  commonly  believed  that  there  are  fupenor  cur- 
rents of  air  paffing  over  thefe  north-eafl  and  fi  uih-eait  cur- 
rents in  a contrary  direftion,  and  which  defeending  near  the 
tropics  produce  vertical  whirlpools  of  air.  An  important 
queftionhere  again  prefents  itfelf,  IVhat  becomes  of  the 
moifture  ivhich  this  heated  air  ought  to  depoht,  as  it  cools 
in  the  upper  regions  of  the  atmo/phere  in  its  jour ncij  to  the 
tropics?  It  has  been  Ihewnby  Dr.  Prieitley  and  Mr,  Ingen- 
houz  that  the  green  matter  at  the  bottom  of  cillerns,  and  the 
frelh  leaves  of  plants  immerfed  in  water,  give  out  conlider- 
able  quantities  of  vital  air  in  the  fun-lbine  ; that  is,  the  per- 
fpirable  matter  of  plants  (which  is  water  much  divided  in 
its  egrefs  from  their  minute  pores)  becomes  decompofed  by 
the  fun’s  light,  and  converted  into  two  kinds  of  air,  the  vital 
and  inflammable  airs.  The  moiflure  contained  or  diflblved 
in  the  afeending  heated  air  at  the  line  muft  exift  in  great 
tenuity ; and  by  being  expofed  to  the  great  light  of  the  fun 
in  that  climate,  the  water  may  be  decompofed,  and  the 
new  airs  fpread  on  the  atmofphere  from  the  line  to  the 

poles. 

1.  From  there  being  no  conftant  depofltion  of  rains  in  the 
ufual  courfe  of  the  trade-winds,  it  would  appear  that  the 
water  rifing  at  the  line  is  decompofed  in  its  afeent. 

2.  From  the  obfervalions  of  M.  Bouguer  on  the  motin- 


Note  XXXIII. 


WINDS. 


391 


tain  Pinchinca,  one  of  the  Cordeliers  immediately  under 
the  line,  there  appears  to  be  no  condenfible  vapour  above 
three  or  four  miles  high.  Now  though  the  atmofphere  at 
that  height  may  be  cold  to  a very  confiderable  degree  ; yet 
its  total  deprivation  of  condenfible  vapour  would  feem  to 
fliew,  that  its  water  was  decompofed  ; as  there  are  no  expe- 
riments to  evince  that  any  degree  of  cold  hitherto  known 
has  been  able  to  deprive  air  of  its  moifture  j and  great  abun- 
dance of  fnow  is  depofited  from  the  air  that  flows  to  the 
polar  regions,  though  it  is  expofed  to  no  greater  degrees  of 
cold  in  its  journey  thither  than  probably  exifts  at  four  miles 
height  in  the  atmofphere  at  the  line. 

3.  The  hygrometer  of  Mr.  Saufliire  alfo  pointed  to  dry- 
nefs  as  he  afeended  into  rarer  air  ; the  Angle  hair  of  which 
it  was  conftruiSted,  contracting  from  deficiency  of  moilture. 
tflais  fur  I’Hygromet.  p.  143. 

From  thefe  obfervations  it  appears  either  that  rare  and 
cold  air  requires  more  moifture  to  faturate  it  than  denfe  air; 
or  that  the  moifture  becomes  decompofed  and  converted  into 
air,  as  it  afeends  into  thefe  cold  and  rare  regions  of  the  at- 
mofphere. 

4.  There  feems  fome  analogy  between  the  circumftance  of 
air  being  produced  or  generated  in  the  cold  parts  of  the  at- 
mofphere both  at  the  line  and  at  the  poles. 

MONSOONS  AND  TORNADOES. 

1.  In  the  Arabian  and  Indian  feas  are  winds,  which  blow 
Ax  months  one  way,  and  Ax  months  the  other,  and  are  cal- 
led Monfoons  ; by  tlie  accidental  difpoAtions  of  land  and  fea 
it  happens,  that  in  fome  places  the  air  near  the  tropic  is  fup- 
pofed  to  become  warmer  when  the  Am  is  vertical  over  it, 
than  at  the  line.  The  air  in  thefe  places  confequently  af- 
eends prefled  upon  one  Ade  by  the  noith-eaft  regions  of  air, 
and  on  the  other  Ade  by  the  Ibuth-wcft  regions  of  air.  Tot 
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as  the  air  brought  from  the  fouth  has  previoufly  obtained 
the  velocity  of  the  earth’s  furface  at  the  line,  it  moves  fader 
than  the  earth’s  furface  near  the  tropic  where  it  now  arrives, 
and  becomes  a fouih-wefl:  wind,  while  the  air  from  the  north 
becomes  a norlh-eaft  wind  as  before  explained.  Thefe  two 
winds  do  not  fo  quietly  join  and  afcend  as  the  north-caft  and 
fouth-  eall  winds,  wdhch  meet  at  the  line  with  equal  w'armth 
and  velocity  and  form  the  trade-winds ; but  as  they  meet  in 
contrary  dired^ions  before  they  afcend,  and  cannot  befuppofed 
accurately  to  balance  each  other,  a rotatory  motion  w'ill  be 
produced  as  they  afcend,  like  water  falling  through  a hole, 
and  an  horizontal  or  fpiral  eddy  is  the  confequence;  thefe 
eddies  are  more  or  lefs  rapid,  and  are  called  Tornadoes  in 
their  moll  violent  Aate,  raifing  water  fiom  the  ocean  in  the 
weft  or  fand  from  the  deferts  of  the  eatl  j in  lefs  violent  degrees 
they  only  mix  together  the  two  currents  of  north-caft  and 
fouth- weft  air,  and  produce  by  this  means  inceflaut  rains, 
as  the  air  of  the  north-eaft  acquires  fome  of  the  heat  from 
the  fouth-weft  wind,  as  explained  in  note  XXV.  This-cir- 
cumllance  of  the  eddies  produced  by  the  uionlbon-winds 
was  feen  by  Mr.  Bruce  in  Abyftinia;  he  relates  that  lor 
many  fuccelfive  mornings,  at  the  commencement  of  the  rainy 
moonfoon,  he  obferved  a cloud  of  apparently  fmrll  dimenlion 
whirling  round  with  great  rapidity,  and  in  atew  minutes  the 
heavens  became  covered  witli  dirk  clouds  with  confccjuent 
great  rains.  See  Note  on  Canto  III.  1.  129. 

2.  But  it  is  not  only  at  the  place  where  the  air  afeends 
at  the  northern  extremity  of  the  rainy  monfoon,  and  where 
it  forms  tornadoes,  as  oliferved  above  by  Mr,  Bruce,  but 
over  a great  tradl  of  country  feveral  degrees  in  length  in  cer- 
tain parts,  as  in  the  Arabian  fea,  a perpetual  rain  for  feveral 
months  defeends,  fimilar  to  what  happens  for  weeks  together 
in  our  ovtm  climate  in  a lefs  degree  during  the  fouth-weft 
w'inds.  Another  important  queflion  prefents  ilfelf  here. 
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if  the  climate  to  which  this  fouth-wejl  wind  arrives,  is  not 
colder  than  that  it  comes  from,  why  Jhould  it  depofit  its 
moi/lure  durins  its  whole  journey  P if  it  he  a colder  climate, 
why  does  it  come  thither  P The  tornadoes  of  air  above  de- 
fer! bed  can  extend  but  a little  way,  and  it  is  noteafy  to  con- 
ceive that  a fuperior  cold  current  of  air  can  mix  with  an  in- 
ferior one,  and  thus  produce  fhowers  over  ten  degrees  of 
country,  fmee  at  about  three  miles  high  there  is  perpetual 
froft ; and  what  can  induce  thefe  narrow  and  fhallow  cur- 
rents to  flow  over  each  other  fo  many  hundred  miles  ? 

Though  the  earth  at  the  northern  extremity  of  this  mon- 
foon  may  be  more^heated  by  certaincircumftances  of  fituailon 
than  at  the  line,  yet  itfeems  probable  that  the  intermediate 
country  between  that  and  the  line,  may  continue  colder  than 
the  line,  (as  in  other  parts  of  the  earth)  and  hence  that  the 
air  coming  from  the  line  to  fupply  this  afeent  or  deftriuftion 
of  air  at  the  northern  extremity  of  the  monfoon  will  be 
cooled  all  the  way  in  its  approach,  and  in  confccjuence  de- 
polit  its  water.  It  feems  probable  that  at  the  northern  ex- 
tremity of  this  monfoon,  where  the  tornadoes  or  hurricanes 
exid,  that  the  air  not  only  afeends  but  is  in  part  converted 
into  water,  or  otherw’ife  diminifhed  in  cjuantity,  as  no 
account  is  given  of  the  exiftence  of  any  fuperior  currents 
of  it. 

As  the  fouth-w'eft  winds  are  always  attended  with  a light 
atmofpherc,  an  incipient  vacancy  or  a great  diminution  of 
air  muft  have  taken  place  to  the  northward  of  them  in  all 
parts  of  the  earth  wherever  they  exift,  and  a depofition  of 
their  moifture  fucceeds  their  being  cooled  by  the  climate 
they  arrive  at,  and  not  by  a contrary  current  of  cold  air  over 
them,  fince  in  that  cafe  the  barometer  would  notfmk.  They 
may  thus  in  our  own  country  be  termed  monfpons  without 
very  regular  periods. 

3.  Another  caufe  of  Tornadoes,  independent  of  the 
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monfoons,  is  ingenioufly  explained  by  Dr.  Franklin,  when 
in  the  tropical  countries  a ftratum  of  inferior  air  becomes  fo 
heated  by  its  contadl  with  the  warm  earth,  that  its  expanfion 
is  increafed  more  than  is  equivalent  to  the  preflure  of  the 
ftratum  of  air  over  it;  or  when  the  fupericr  ftratum  becomes 
more  condenfed  by  cold  than  the  inferior  one  by  preflure, 
the  upper  region  will  defcend  and  the  lower  one  afcend.  In 
this  fituation  if  one  part  of  the  atmofphere  be  hotter  from 
fome  fortuitous  circumflances,  or,  has  lefs  preflure  over  it, 
the  lower  flratum  will  begin  to  afcend  at  this  part,  and  re- 
femble  water  falling  through  a hole  as  mentioned  above.  If 
the  lower  region  of  air  was  going  forwards  with  confiderablc 
velocity,  it  will  gain  an  eddy  by  rifing  up  this  hole  in  the  in- 
cumbent heavy  air,  fo  that  the  whirlpool  or  tornado  has  not 
only  its  progreflive  velocity,  but  its  circular  one  alfo,  which 
thus  lifts  up  or  overturns  every  thing  w ithin  itsfpiral  whirl. 
By  the  w^eaker  whirlwinds  in  this  country  the  trees  are  fome- 
times  thrown  down  in  a line  of  only  twenty  or  forty  yards 
in  breadth,  making  a kind  of  avenue  through  a country.  In 
the  Well  Indies  the  fea  rifes  like  a cone  in  the  w'hirl,  and 
is  met  by  black  clouds  produced  by  the  cold  upper  air  and 
the  warm  lower  air  being  rapidly  mixed  ; whence  are  pro- 
duced the  great  and  fudden  rains  called  waterfpouts  ; while 
the  upper  and  low^er  airs  exchange  their  plus  or  minus  elec- 
tricity in  perpetual  lightnings. 

* , 

LAND  AND  SEA-BREEZES. 

The  fea  being  a tranfparent  mafs  is  lefs  heated  at  its  fur- 
face  by  the  fun’s  rays  than  the  land,  and  its  continual  change 
of  furface  contributes  topreferve  a greater  uniformity  in  the 
heat  of  the  air  which  hangs  over  it.  Hence  the  furface  of 
the  tropical  iflands  is  more  heated  during  the  day  than  the 
fea  that  furrounds  them,  and  cools  more  in  the  night  bv  its 
greater  elevation ; whence  in  the  afternoon.,  when  the  lands 
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of  the  tropical  iflands  have  been  much  heated  by  the  fun, 
the  air  over  them  afcends  prefled  upwards  by  the  cooler  air 
of  the  encircling  ocean  ; in  the  morning  again,  the  land  be- 
coming cooled  more  than  the  fea,  the  air  over  it  defcends  by 
its  increafed  gravity,  and  blows  over  the  ocean  near  its 

Ihores. 


CONCLUSION. 

! . There  are  various  irregular  winds  befidcs  thofe  above 
defcribed,  which  confift  of  horizontal  or  vertical  eddies  of 
air,  owing  to  the  inequality  of  the  earth’s  furface,  or  the 
juxtapofition  of  the  fea.  Other  irregular  winds  have  their 
origin  from  increafed  evaporation  of  water,  or  its  fudden 
devaporation  and  defcent  in  fhowers ; others  from  the  par- 
tial expanfion  and  condenfaiion  of  air  by  heat  and  cold ; by 
the  accumulation  or  defect  of  eledlric  fluid,  or  to  the  air  s 
new  production  or  abforption  occafioned  by  local  caufes  not 
yet  difcovered.  See  Notes  VII-  and  XXV. 

2.  There  feem  to  exift  only  two  original  winds  : one  con- 
fiding of  air  brought  from  the  north,  and  the  other  of  air 
brought  from  the  fouth.  The  former  of  thefe  winds  has  alfo 
generally  an  apparent  dlreaion  from  the  eaft,  and  the  latter 
from  the  weft,  arlling  from  the  different  velocities  of  the 
earth’s  furface.  All  the  other  winds  above  defcribed  are 
defleflions  or  retrogreflions  of  fome  parts  of  thele  currents  of 
air  from  the  north  or  fouth. 

3.  One  fifteenth  part  of  the  atmofphere  is  occafionally 
deftroyed,  and  occafionally  re-produced  by  unknown  caufes. 
Thefe  caufes  are  brought  into  immediate  adivity  over  a 
P'reat  part  of  the  lurface  of  the  earth  at  nearly  the  fame  time, 
but  always  more  powerful  to  the  northward  than  to  the 
fouthward  of  any  given  place ; and  would  hence  feem  to 
have  their  principal  effea  in  the  polar  circles,  exifting  never- 
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thelefs  though  with  lefs  power  toward  the  tropics  or  at  the 
line. 

For  when  the  north-eafl:  wind  blows  the  barometer  rifes, 
fometimes  from  26^  inches  to  30 §,  which  fhews  a great  new 
n-eneration  of  air  in  the  north : and  when  the  fouth-weft 
wind  blows  the  barometer  finks  as  much,  which  fhews  a 
great  deftrufilion  of  air  in  the  north.  But  as  the  north-eaft 
winds  fometimes  continue  for  five  or  fix  weeks,  the  newly- 
generated  air  muft;  be  deftroycd  at  thofe  limes  in  the  warmer 
climates  to  the  fouth  of  us,  or  circulate  in  fuperior  currents, 
which  has  been  fliewn  to  be  Improbable  from  its  not  depo- 
fitino-  its  water.  And  as  the  fouth-wefl:  winds  fometimes  con- 
tinue  for  fomc  weeks,  there  mufl  be  a generation  of  air  to 
the  fouth  at  thofe  times,  or  fuperior  currents,  which  laft  has 
been  fliewn  to  be  improbable. 

4.  The  north-eafl  winds  being  generated  about  the  poles 
are  pufliecl  forwards  towards  the  tropics  or  line,  by  the 
preffure  from  behind,  and  hence  they  become  warmer,  as 
explained  in  Note  VII.  as  well  as  by  their  coming  into  con- 
taft  with  a warmer  pan  of  the  earth  which  contributes  to 
make  thefe  winds  greedily  abforb  moiflure  in  their  paflage. 
On  the  contrary,  the  fouth-wefl  wIikIs,  as  the  atmofphere 
is  fuddenly  dimini fhed  in  the  polar  regions,  are  drawn  as  it 
were  into  an  incipient  vacancy,  and  become  therefore  ex- 
panded in  their  paflage,  and  thus  generate  cold,  as  explained 
in  Note  VII.  and  are  thus  induced  to  part  with  their  moif- 
lure, as  well  as  by  their  conta£l  with  a colder  part  of  the 
earth's  furface.  Add  to  this,  that  the  ditference  in  the  found 
of  the  north-eafl  and  fouth-wefl  winds  may  depend  on  the 
former  being  puflied  forwards  by  a preflTure  behind,  and  the 
latter  falling  as  it  were  into  a partial  or  incipient  vacancy 
before ; whence  the  former  becomes  more  condenfed,  and 
the  latter  more  rarefied  as  it  paflTcs.  T here  is  a whiflle, 
termed  a lark-call,  which  confifls  of  a hollow  cylinder  of 
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tin-plate,  doled  at  each  end,  about  half  an  inch  in  diameter 
and  a quarter  of  an  inch  high,  with  oppo'ste  holes  about  the 
fize  of  agoofe-quill  through  the  centre  of  each  end  ; if  this 
lark-vvhillle  be  held  between  the  lips  the  found  of  it  is  ma- 
nifeftly  different  when  the  breath  is  forcibly  blown  through 
it  from  within  outwards,  and  when  it  is  fucked  from  without 
inwards.  Perhaps  this  might  be  worthy  the  attention  of 
organ-builders. 

5.  A ftop  is  put  to  this  new  generation  of  air,  when 
about  a fifteenth  of  the  whole  is  produced,  by  its  increafing 
preffure ; and  a fimilar  boundary  is  fixed  to  its  abforption  or 
cleftrudion  by  the  decreafe  of  atmofi)hcric  preffure.  As 
water  requires  more  heat  to  convert  it  into  vapour  under  a 
heavy  atmofphere  than  under  a light  one,  fo  in  letting  oft 
the  water  from  muddy  filh-ponds  great  quantities  of  air- 
bubbles  are  feen  to  afeend  from  the  bottom,  which  w-e.-e 
previoufly  confined  thereby  the  preffure  of  thew'ater.  Simi- 
lar bubbles  of  inflammable  air  are  feen  to  arife  from  lakes  in 
many  feafons  of  the  year,  when  the  atmofphere  fuddenly 
becomes  llo-ht. 

O 

6.  1'hc  increafed  abforptions  and  evolutions  of  air  muff, 
like  its  fimple  expaufions,  depend  much  on  the  prefence  or 
abfence  of  heat  and  light,  and  will  hence,  in  refpedl  to  the 
times  and  places  of  its  produ61ion  and  deftruction,  be 
governed  by  the  approach  or  rctroceffion  of  the  fun,  and 
on  the  temperature,  in  regard  to  heat,  of  various  latitudes, 
and  parts  of  the  fame  latitude,  fo  well  explained  by  Mr. 
Kirwan. 

7.  Though  the  immediate  caufc  of  the  deflru£lion  or  re- 
produdlion  of  great  maffes  of  air  at  certain  times,  when  the 
wind  changes  from  north  to  Ibuth,  or  from  fouth  to  north, 
cannot  yet  be  afeertaiued ; yet  as  there  appears  greater  dif- 
ficulty in  accounting  for  this  change  of  wind  from  any  other 
known  caufes,  we  may  flill  fufpedt  that  there  exii'ts  in  liie 
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ar6lic  and  antardlic  circles  a Bear  or  Dragon  yet  un- 
known to  phllofophers,  which  at  times  fuddenly  drinks  up, 
and  as  fuddenly  at  other  times  vomits  out  one- fifteenth  part 
of  the  atmofphere : and  hope  that  this  or  fome  future  age 
will  learn  how  to  govern  and  domefticate  a monfler  which 
might  be  rendered  of  fuch  important  fervice  to  mankind. 

INSTRUMENTS. 

If  along  with  the  ufual  regifters  of  the  weather  obferva- 
tions  were  made  on  the  winds  in  many  parts  of  tlie  earth 
with  the  three  following  inftruments,  which  might  be  con- 
ftruded  at  no  great  expenfe,  fome  ufeful  information  might 
he  acquired. 

1.  To  mark  the  hour  when  the  wind  changes  from  north- 
eafi  to  fouth-weft,  and  the  contrary.  This  might  be  ma- 
naged by  making  a communication  from  the  vane  of  a weath- 
ercock to  a clock  j in  fuch  a manner,  that  if  the  vane  fhould 
revolve  quite  round,  a tooth  of  its  revolving  axis  fhould  flop 
the  clock,  or  put  back  a fmall  bolt  on  the  edge  of  a wheel 
revolving  once  in  twenty-four  hours. 

2.  To  difeover  whether  in  a year  more  air  pafTed  from 
north  to  fouth,  or  the  contrary.  This  might  be  efie6\cd  by 
placing  a windmill-fail  of  copper  about  nine  inches  diameter 
in  a hollow  cylinder  about  fix  inches  long,  open  at  both 
ends,  and  fixed  on  an  eminent  fituation  cxadlly  north  and 
fouth.  Thence  only  a part  of  the  north-eufi  and  fouth-wefr 
currents  would  atfeft  the  fail  fo  as  to  turn  it;  and  if  its  re- 
volutions were  counted  by  an  adapted  machinery,  as  the  fail 
would  turn  one  way  with  the  north  currents  of  air,  and  the 
contrary  one  with  the  fouth  currents,  the  advance  of  the 
counting  finger  either  way  would  Ihew  which  wind  had 
prevailed  molt  at  the  end  of  the  year. 

3.  To  difeover  the  rolling  cylinders  of  air,  the  vane  of  a 
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weathercock  might  be  fo  fufpended  as  to  dip  or  rife  vcrl> 

callv.  as  well  as  to  have  its  horizontal  rotation. 

# * 

RECAPITULATION. 

North-east  winds  confift  of  air  flowing  from  the 
north,  where  it  feems  to  be  occasionally  produced : has  an 
apparent  dlretlion  from  the  eaft,  owing  to  its  not  having 
acquired  in  its  journey  the  increaflng  velocity  of  the  earth  s 
furface ; thefe  winds  are  analogous  to  the  trade-winds  be- 
tween the  tropics,  and  frequently  continue  in  the  vernal 
months  for  four  and  fix  weeks  together,  with  a high  baro- 
meter, and  fair  or  frofty  weather.  2.  They  fometimes  con- 
fift of  fouth-weft  air,  which  had  pafled  by  us  or  over  us, 
driven  back  by  a new  accumulation  of  air  in  the  north. 
Thefe  continue  but  a day  or  two,  and  are  attended  with 
rain.  See  note  XXV. 

South-west  winds  confift  of  air  flowing  from  the 
fouth  and  feemlng  occafionally  abforbed  at  its  arrival  to  the 
more  northern  latitudes.  It  has  a real  diredlion  from  the 
west,  owing  to  its  not  having  loft  in  its  journey  the  greater 
velocity  it  had  acquired  from  the  earth’s  lurface  from  whence 
it  came.  Thefe  winds  are  analogous  to  the  monfifcns  be- 
tween the  tropics,  and  frequently  continue  for  four  or  fix 
weeks  together,  with  a low  barometer  and  rainy  weather. 
2.  They  fometimes  confift  of  north-eaft  air,  which  had 
pafled  by  us  or  over  us,  which  becomes  retrograde  by  a 
commencing  deficiency  of  air  in  the  north.  Thefe  winds 
continue  but  a day  or  two,  attended  with  feverer  fro  ft  with 
a linking  barometer;  their  cold  being  incrcafed  by  tneir 
expanfion,  as  they  return,  into  an  incipient  vacancy. 

North-west  winds  confift,  firft,  of  fouth-vvcll  winds, 
which  have  pafled  over  us,  bent  down  and  driven  back 
towards  the  fouth  by  newly  generated  northern  air.  They 
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continue  but  a day  or  two,  and  are  attended  with  rain  or 
clouds.  2.  They  confifl;  of  north-eaft  winds  bent  down 
from  the  higher  parts  of  the  atmofphere,  and  having  there 
acquired  a greater  velocity  than  the  earth’s  furface  are  frolfy 
or  fair.  3.  They  coniifl;  of  north-eafl:  winds  formed  into  a 
vertical  fpiral  eddy,  as  on  the  eaftern  coafts  of  North  Ame- 
rica, and  bring  fevere  froft. 

South-east-winds  confifl:,  firft,  of  north-eaft  winds 
become  retrograde,  continued  for  a day  or  two,  frofty  or 
fair,  finking  barometer.  2.  They  confift  of  north-eaft  winds 
formed  into  a vertical  eddy  not  a fpiral  one,  frofl  or  fair. 

North  winds  confift,  firft,  of  air  flowing  flowly  from 
the  north,  fo  that  they  acquire  the  velocity  of  the  earth’s 
furface  as  they  approach,  are  fair  or  frofty,  feldom  occur. 
2.  They  confift  of  retrograde  fouth-windsj  thefe  continue 
but  a day  or  two,  are  preceded  by  fouth-weft  winds  ; and 
arc  generally  fucceeded  by  north-eaft  winds,  cloudy  or  rainy, 
barometer  fifing. 

South  winds  confift,  firft,  of  air  flowing  flowly  from 
the  fouth,  lofing  their  previous  weflcrly  velocity  by  the 
fridion  of  the  earth’s  furface  as  they  approach,  moift,  fcl- 
dom  occur.  2.  They  confift  of  retrograde  north-winds ; 
thefe  continue  but  a day  or  two,  are  preceded  by  north-eaft 
winds,  and  generally  fucceeded  by  fouth-weft  winds,  colder, 
barometer  finking. 

East  winds  confift  of  air  brought  haftily  from  the 
north,  and  not  impelled  farther  fouthward,  owing  to  a 
fudden  beginning  abforptlon  of  air  in  the  northern  regions, 
very  cold,  barometer  high,  generally  fucceeded  by  fouth-weft 
wind. 

We  ST  WINDS  confift  of  air  brought  haflily  from  the 
fouth,  and  checked  from  proceeding  further  to  the  north  by 
a beginning  produflion  of  air  in  the  northern  regions,  warm 
and  moi.ft,  generally  fucceeded  by  north-eaft  wind.  2.  They 
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confift  of  air  bent  down  from  the  higher  regions  of  the  at- 
mofphere ; if  this  air  be  from  the  fouth,  and  brought  haftily, 
it  becomes  a wind  of  great  velocity,  moving  perhaps  60 
miles  in  an  hour,  is  warm  and  rainy;  if  it  confifts  of  nor- 
thern air  bent  down  it  is  of  lefs  velocity  and  colder. 

Application  of  the  preceding  Theory  to  fame  ExtraAs  from 
a Journal  of  the  Weather, 

Dec.  1,  1790.  The  barometer  funk  fuddenly,  and  the 
wind,  which  had  been  fome  days  north-eaft  with  froft, 
changed  to  fouth-eafl:  with  an  iuceflant  though  moderate 
fall  of  fnow.  A part  of  the  northern  air  which  had  pafled 
by  us  I fuppofe,  now  became  retrograde  before  it  had  ac- 
quired the  velocity  of  the  earth’s  furface  to  the  fouth  of  us, 
and  being  attended  by  fome  of  the  fouthern  air  in  its  jour- 
ney, the  moifture  of  the  latter  became  condenfed  and  frozen 
by  its  mixture  with  the  former. 

Dec.  2,  3.  The  wind  changed  ta  north- weft  and  thawed 
the  fnow.  A part  of  the  fouthern  air,  w'hich  had  paffed  by 
us  or  over  us,  with  the  retrograde  northern  air  above  de- 
fcribed,  was  now  in  its  turn  driven  back,  before  it  had  loft 
the  velocity  of  the  furface  of  the  earth  to  the  fouth  of  us, 
and  confequently  became  a north-weft  wind;  and  not  having 
loft  the  warmth  it  brought  from  the  fouth  produced  a thaw, 

Dec.  4,  5.  Wind  changed  to  north-eaft  with  froft  and  a 
rifing  barometer.  The  air  from  the  north  continuing  to 
blow,  after  it  had  driven  back  the  fouthern  air  as  above  de- 
fcribed,  became  a north-eaft  wind,  having  lefs  velocity  than 
the  furface  of  the  earth  in  this  climate,  and  produced  froft 
from  its  coldnefs. 

Dec.  6,  7.  Wind  now  changed  to  the  fouth-w'eft  wnth 
inceflant  rain  and  a finking  barometer.  From  unknown 
caufes  I fuppofe  the  quantity  of  air  to  be  diminiflied  in  the 
VoL.  I.  D d 
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polar  regions,  and  the  fouthern  air  cooled  by  the  earth’s 
furface,  which  was  previoully  Irozen,  depofits  its  moifture 
for  a day  or  two ; afterwards  the  wind  continued  fouth-wcft 
without  rain,  as  the  furface  of  the  earth  became  warmer. 

March  18,  1785.  There  has  been  a long  frofl: ; a few 
days  ago  the  barometer  funk  to  and  the  frofl  became 
more  fevere.  Becaufe  the  air  being  expanded  by  a part  of 
the  preffure  being  taken  off  became  colder.  1 his  day  the 
mercury  rofe  to  30,  and  the  froll  cealed,  the  wind  continuing 
as  before  between  north  and  eafl.  March  IQ-  Mercury 
above  30,  weather  flill  milder,  no  frofl,  wind  north-eafl. 
March  20.  The  fame,  for  the  mercury  rifing  fhews  that 
the  air  becomes  more  compreffed  by  the  weight  above  and 
in  confequence  gives  out  warmth. 

April  4,  5.  Frod,  wind  north-eafl,  the  wind  changed 
in  the  middle  of  the  day  to  the  north-weft  without  rain,  and 
has  done  fo  for  three  or  four  days,  becoming  again  north- 
eafl  at  night.  For  the  fun  now  giving  greater  degrees  of 
heat,  the  air  afeends  as  the  fun  paffes  the  zenith,  and  is 
fupplied  below  by  the  air  on  the  weflern  fide  as  well  as  on 
the  eaflern  fide  of  the  zenith  during  the  hot  part  of  the  day; 
whence  for  a few  hours,  on  the  approach  of  the  hot  part  of 
the  day,  the  air  acquires  a wefterly  direftion  in  this  longi- 
tude. If  the  north-weft  wind  had  been  caufed  by  a retro- 
grade motion  of  fome  fouthern  air,  which  had  paffed  over 
us,  it  would  have  been  attended  with  rain  or  clouds. 

April  10.  It  rained  all  day  yefterday,  the  wind  north- 
weft,  this  morning  there  was  afltarp  frofl.  The  evaporation 
of  the  moifture,  (which  fell  yefterday)  occafioned  by  the 
continuance  of  the  wind,  produced  fo  much  cold  as  to  freeze 
the  dew. 

May  12.  Frequent  fliowers  with  a current  of  colder  wind 
preceding  every  fliower.  The  finking  of  the  rain  or  cloud 
preffed  away  the  air  from  beneath  it  in  its  defeent,  which 
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Having  been  for  a time  (haded  from  the  fun  by  the  floating 
cloud,  became  cooled  in  fome  degree. 

June  20.  The  barometer  funk,  the  wind  became  fouth- 
wefl:,  and  the  whole  heaven  was  instantly  covered  with 
clouds.  A part  of  the  incumbent  atmofphere  having  va- 
nilhed,  as  appeared  by  the  finking  of  the  barometer,  the 
remainder  became  expanded  by  its  elaflicity,  and  thence  at- 
trafled  fome  of  the  matter  of  heat  from  the  vapour  inter- 
mixed with  it,  and  thus  in  a few  minutes  a total  devapora- 
tion  took  place,  as  in  exhaufling  the  receiver  of  an  air- 
pump.  See  note  XXV.  At  the  place  where  the  air  is 
deftroved,  currents  both  from  the  north  and  fouth  flow  in 
to  fupply  the  deficiency,  (for  it  has  been  (liewn  that  there 
are  no  other  proper  winds  but  thefe  two)  and  the  mixture 
of  thefe  winds  produces  fo  fudden  condenfation  of  the  moif- 
ture,  both  by  the  coldnefs  of  the  northern  air  and  the  ex- 
panfion  of  both  of  them,  that  lightning  is  given  out,  and  an 
incipient  tornado  takes  place;  whence  thunder  is  faid  fre- 
quently to  approach  again fl  the  wind. 

Augujl  28,  1732.  Barometer  was  at  31,  and  Dec.  30, 
in  the  fame  year,  it  was  at  28  2- tenths.  Medical  ElTays, 
Edinburgh,  Vol.  II.  p.  7.  It  appears  from  thefe  journals 
that  the  mercury  at  Edinburgh  varies  fometimes  nearly  three 
inches,  or  one  tenth  of  the  whole  atmofphere.  From  the* 
journals  kept  by  the  Royal  Society  at  London  it  appears 
feldom  to  vary  more  than  two  inches,  or  one  fifteenth  of  the 
whole  atmofphere.  The  quantity  of  the  variation  is  faid 
iVdl  to  decreafe  nearer  the  line,  and  to  increafe  in  the  more 
northern  latitudes;  which  much  confirms  the  idea  that 
there  exifls  at  certain  times  a great  deflrucllon  or  pro- 
duftion  of  air  within  the  polar  circle. 

July  2,  1732.  The  weflerly  winds  in  the  journal  in  the 
Medical  EfTays,  V’^ol.  II.  above  referred  to,  are 'frequently 
marked  with  the  number  three  to  (hew  their  greater 
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velocity,  whereas  the  eafterly  winds  feldom  approach  to 
the  number  two.  The  greater  velocity  of  the  wefterly 
winds  than  the  eafterly  ones  is  well  known  I believe  in 
every  climate  of  the  world;  which  may  be  thus  explained 
from  the  theory  above  delivered.  1.  When  the  air  is  dill, 
the  higher  parts  of  the  atmofphere  move  quicker  than  thofe 
parts  which  touch  the  earth,  becaufe  they  are  at  a greater 
diftance  from  the  axis  of  motion.  2.  The  part  of  the  at- 
mofphere where  the  north  or  fouth  wind  comes  from  is 
higher  than  the  part  of  it  where  it  comes  to,  hence  the 
more  elevated  parts  of  the  atmofphere  continue  to  defeend 
towards  the  earth  as  either  of  thofe  winds  approach.  3. 
W^hen  fouthern  air  is  brought  to  us  it  pofleffes  a wefterly  di- 
reaion  alfo,  owing  to  the  velocity  it  has  previoufly  acquired 
from  the  earth’s  furface ; and  if  it  confifts  of  air  from  the 
higher  parts  of  the  atmofphere  defeending  nearer  the  earth, 
this  wefterly  velocity  becomes  increafed.  But  when  northern 
air  is  brought  to  us,  it  poflefles  an  apparent  eafterly  direaion 
alfo,  owing  to  the  velocity  which  it  has  previoufly  acquired 
from  the  earth’s  furface  being  lefs  than  that  of  the  earth’s 
furface  in  this  latitude;  now  if  the  norlh-eaft  wind  confifts 
of  air  defeending  from  higher  parts  of  the  atmofphere, 
this  deficiency  of  velocity  will  be  lefs,  in  confequence  of  the 
fame  caufe,  viz.  The  higher  parts  of  the  atmofphere  de- 
feending, as  the  wnnd  approaches,  Increafes  the  real  velocity 
of  the  weftern  winds,  and  decreafes  the  apparent  velocity  of 
the  eaftern  ones. 

‘O^ober  22.  Wind  changed  from  fouth-eaft  to  fouth- 
weft.  There  is  a popular  prognoftication  that  if  the  wind 
changes  from  the  north  towards  the  fouth  paffing  through 
the  eaft,  it  is  more  likely  to  continue  in  the  fouth,  than  if 
it  pafles  through  the  weft,  which  may  be  thus  accounted  for. 
If  the  north-eaft  wind  changes  to  a north*- weft  wind,  it  lliews 
either  that  a part  of  the  northern  air  defeends  upon  us  in  a fpiral 
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eddv,  or  that  a fuperior  current  of  fouthern  air  is  driven  back  ; 
but  if  a north-eaft  wind  be  changed  into  a fouth-eaft  wind 
h fhews  that  the  northern  air  is  become  retrograde,  and 
lhat  in  a day  or  two,  as  foon  as  that  part  of  it  has  paflTed, 
which  has  not  gained  the  velocity  of  the  earth’s  furface  iu 
this  latitude,  it  will  become  a fouth  wind  fur  a few  hours, 
and  then  a fouth- weft  wind. 

The  writer  of  this  imperfedl  fketch  of  anemology  wifties 
it  may  incite  fomeperfon  of  greater  leifure  and  ability  to  at- 
tend to  this  fubjedt,  and  by  comparing  the  various  meteoro- 
logical journals  and  obfervations  already  puhlKhed,-  to  con- 
flru6l  a more  accurate  and  methodical  treatife  on  this  inte- 
refting  branch  of  philofophy. 


NOTE  XXXIV. 

VEGETABLE  PERSPIRATION. 

And  wed  the  enamoured  Oxygene  to  Light. 

Canto  IV.  1.  34. 

When  points  or  hairs  are  put  into  fpring-water,  as  in 
the  experiments  of  Sir  B.  Thompfon,  (Philof.  Tranf. 
LX XVI I.)  and  expofed  to  the  light  of  the  fun,  much  air, 
which  loofely  adhered  to  the  water,  rifes  in  bubbles,  as  ex- 
plained in  the  note  on  Fucus,  Vol.  II.  A ftill  greater  quan- 
tity of  air,  and  of  a purer  kind,  is  emitted  by  Dr.  Prieftley’s 
green  matter,  and  -by  vegetable  leaves  growing  in  water  in 
fun-lhine,  according  to  Mr.  Ingenhouz’s  experiments ; both 
which  I fufpefl  to  be  owing  to  a decompofltion  of  the  water 
perfpired  by  the  plant,  for  the  edge  of  a capillary  tube  of 
great  tenuity  may  be  confidercd  as  a circle  of  points,  and 
as  the  oxvgene,  or  principle  of  vital  air,  may  be  expanded 
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into  a gas  by  the  fun’s  light,  the  hydrogene  or  inflammable 
air  may  be  detained  in  the  pores  of  the  vegetable. 

Hence  plants  growing  in  the  fliadcare  white,  and  become 
green  by  being  expofed  to  the  fun^s  light ; for  their  natural 
colour  being  blue,  the  addition  of  hydrogene  adds  yellow  to 
this  blue,  and  tans  them  green.  I fuppofe  a fimilar  cir- 
cumftance  takes  place  in  animal  bodies;  their  perfpirable 
matter  as  it  efcapes  in  the  fun-fhine  becomes  decompofed  by 
the  edges  of  their  pores  as  in  vegetables,  though  in  lefs 
quantity,  as  their  perfpiration  is  lefs,  and  the  greateftpart  of 
it,  which  exhales  from  the  lungs,  not  being  expofed  to  the 
funlhine,  and  thus  by  the  hydrogene  being  retained  the 
Ikin  becomes  tanned  yellow.  In  proof  of  this  it  muft  be 
obferved  that  both  vegetable  and  animal  fubftances  become 
bleached  white  by  the  fun-beams  w'hen  they  are  dead,  as 
cabbage-ftalks,  bones,  ivqry,  tallow,  beesrwax,  linen  and 
cotton  cloth  ; and  hence  I fuppofe  the  copper-coloured  na- 
tives.of  funny  countries  might  become  etiolated  or  blanched 
by  being  kept  from  their  infancy  in  the  dark,  or  removed 
for  a few  generations  to  more  northerly  climates. 

It  is  probable  that  on  a funny  morning  much  pure  air  be- 
comes feparated  from  the  dew  by  means  of  the  points  of  vege- 
tables on  w'hich  it  adheres,  and  much  inflammable  air  imbibed 
by  the  vegetable,  or  combined  with  it;  and  by  the  fun’s  light 
thus  decompofing  water  the  effedls  of  it  in  bleaching  linen 
feems  to  depend  (asdeferibed  in  Note  X.) : the  water  is  decom- 
pofed by  the  light  at  the  ends  or  points  of  the  cotton  or  thread, 
and  the  vital  air  unites  with  the  phlogiflic  or  colouring  mat- 
ters of  the  cloth,  and  produces  a new  acid,  w-hich  is  either 
iifelf  colourlefs  or  waflies  out,  at  the  fame  time  the  inflam- 
mable part  of  the  water  efcapes.  Hence  there  feems  a rea- 
fon  why  cotton  bleaches  fo  much  fooner  than  linen,  viz.  be- 
caufe  its  fibres  are  three  or  four  times  fliorter,  and  therefore 
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protrude  fo  many  more  points,  which  feem  to  facilitate  the 
liberation  of  the  vital  air  from  the  inflammable  part  of  the 
water. 

Bee’s  wax  becomes  bleached  by  cxpofure  to  the  fun  and 
dews  in  a fimilar  manner  as  metals  become  calcined  or 
rufty,  viz.  by  the  water  on  their  furface  being  dcconipofed; 
and  hence  the  inflammable  material  which  caufed  the  co- 
lour becomes  united  with  vital  air  forming  a new  acid,  and 
is  walhed  away. 

Oil  clofe  flopped  in  a phial  not  full,  and  expofed  long  to 
the  fun’s  light,  becomes  bleached,  as  I fuppofe,  by  the  dc- 
compofition  of  the  water  it  contains  ; the  inflammable  air 
rifing  above  the  furface,  and  the  vital  air  uniting  with  the 
colourino"  matter  of  the  oil.  For  it  is  remarkable,  that  by 
{hutting  up  a phial  of  bleached  oil  in  a dark  drawer,  it  in  a 
little  time  becomes  coloured  again. 

The  following  experiment  fliews  the  power  of  light  in  fe- 
parating  vital  air  from  another  bafis,  viz.  from  azote.'  Mr. 
Scheele  inverted  a glafs  veflel  filled  with  colourlefs  nitrous 
acid  into  another  glafs  containing  the  fame  acid,  and  on  ex- 
pofing  them  to  the  fun’s  light,  the  inverted,  glafs  became 
partly  filled  with  pure  air,  and  the  acid  at  the  fame  time 
became  coloured.  Scheele  in  Crell’s  Annal.  1786.  But  if 
the  veflfelof  colourlefs  nitrous  acid  be  quite  full  and  flopped, 
fo  that  no  fpace  is  left  for  the  air  produced  to  expand  itfelf 
into,  no  change  of  colour  takes  place.  Prleftley’s  Exp.  VI. 
p.  344.  See  Keir’s  very  excellent  Chemical  Diiflionary,  p. 
99.  new  edition. 

A fun-flower  three  feet  and  a half  high,  according  to  the 
experiment  of  Dr.  Hales,  perfpired  two  pints  in  one  day 
(Vegetable  Statics,)  which  is  many  times  as  much  in  pro- 
portion to  its  furface,  as  is  perfpired  from  the  furface  and 
luners  of  animal  bodies  ; it  follows  that  the  vital  air  libera- 
ted^from  the  furfaces  of  plants  by  the  funlhine  muft  much 
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exceed  the  quantity  of  it  ablbrbed  by  their  refpiration,  and 
that  hence  they  improve  the  air  in  which  they  live  during 
the  light  part  of  the  day,  and  thus  blanched  vegetables  will 
fooner  become  tanned  into  green  by  the  fun’s  light,  than 
etiolated  animal  bodies  will  become  tanned  yellow  by  the 
fame  means. 

It  is  hence  evident,  that  the  curious  difcovery  of  Dr.  Prieft- 
ley,  that  his  green  vegetable  matter  an^l  other  aqyatic  plants 
gave  out  vital  air  when  the  fun  fhone  upon  them,  and  the 
leaves  of  other  plants  did  tlie  fame  when  immerfed  in  water, 
as  obferved  by  Mr.  Ingenhouz,  refer  to  the  perfpiration  of 
vegetables  not  to  their  refpiration.  Becaufe  Dr.  Prieftiey 
obferved  the  pure  air  to  come  from  both  fides  of  the  leaves 
and  even  from  the  flalks  of  a water-flag,  whereas  one  fide  of 
the  leaf  only  ferves  the  office  of  lungs,  and  certainly  not  the 
Ilalks.  Exper.  on  Air,  Vol.  III.  And  thus  in  refpe<5l  to 
the  circumftance  in  which  plants  and  animals  feemed  the 
far  theft  removed  from  each  other,  I mean  in  their  fuppofed 
mode  of  refpiration,  by  which  one  was  believed  to  purify  the 
air  which  the  other  had  injured,  they  feem  to  differ  only  in 
degree,  and  the  analog)'  between  them  remains  unbroken.- 

Plants  are  faid  by  many  writers  to  grow  much  fafter  in 
the  night  than  in  the  day  ; as  is  particularly  obfervable  in 
feedlings  at  their  rifing  out  of  the  ground.  This  probably  is 
a confequence  of  their  fleep  rather  than  of  the  abfence 
of  light;  and  in  this  I fuppofe  they  alfo  refemble  animal 
bodies^ 
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VEGETABLE  PL  AGENT  ATION. 

While  in  bright  veins  thefilvery  Sap  afcends. 

Canto  IV.  1.  431. 

As  buds  are  the  viviparous  offspring  of  vegetables,  it  be- 
comes necelTary  that  they  Ihould  be  furnidied  with  placen- 
tal  veffcls  for  their  nouriHimcnt,  till  they  acquire  lungs  or 
leaves  for  the  purpofe  of  elaborating  the  common  juices  of 
the  earth  into  nutriment.  Thefe  veflels  cxilt  in  bulbs  and  in 
feeds,  and  fupply  the  young  plant  with  a fweet  juice  till  it  ac- 
quires leaves,  as  is  feen  in  converting  barley  into  malt,  and 
appears  from  the  fweet  tafte  of  onions  and  potatoes,  when 
they  begin  to  grow. 

The  placental  veffels  belonging  to  the  buds  of  trees  are 
^ placed  about  the  roots  of  moft,  as  the  vine;  fo  many  roots 
are  furniftied  with  fweet  or  mealy  matter  as  fern-root,  bry- 
ony, carrot,  turnip,  potatoe,  or  in  the  alburnum  or  fap-wood 
as  in  thofe  trees  which  produce  manna,  which  is  depofited 
about  the  month  of  Augufl:,  or  in  the  joints  of  fugar-canc, 
and  grafifes;  early  in  the  fpring  the  abforbent  mouths  of  thefe 
veffels  drink  up  moifture  from  the  earth,  with  a faccharine 
matter  lodged  for  that  purpofe  during  the  preceding  autumn, 
and  pufh  this  nutritive  fluid  up  the  veffels  of  the  alburnum 
to  every  individual  bud,  as  is  evinced  by  the  experiments  of 
Dr.  Hales,  and  of  Mr.  Walker  in  the  Edinburgh  Philofophlcal 
Tranfa£l.  The  former  obfcrved  that  the  fap  from  the  flump 
of  a vine,  which  he  had  cut  off  in  the  beginning  of  April, 
arofe  twenty-one  feet  high  in  tubes  affixed  to  it  for  that  pur- 
pofe, but  in  a few  weeks  it  ccafed  to  bleed  at  all,  and  Dr. 
Walker  marked  the  progrefs  of  the  afeending  fap,  and  found 
likewife  that  as  foon  as  the  leaves  became  expanded  the  fap 
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ceafccl  to  rife ; the  afcending  juice  of  fome  trees  is  fo  copious 
and  fo  fwcet  during  the  fap-fcafon  that  it  is  ufed  to  make 
wine,  as  the  birch,  betula,  and  fycamore,  acer  pfeudo-pla- 
tanus,  and  particularly  the  palm,  and  maple,  acer. 

During  this  afeent  of  the  fap-juice  each  individual  leaf- 
bud  expavjds  its  new  leaves,  and  {hoots  down  new  roots, 
covering  by  their  interiexture  the  old  bark  with  a new  one; 
and  as  foon  as  thefe  new  roots  (or  bark)  are  capable  of  ab- 
forbing  fufficient  juices  from  the  earth  for  the  fupport  of 
each  bud,  and  the  new  leaves  are  capable  of  performing 
their  office  of  expofing  thefe  juices  to  the  influence  of  the 
air ; the  placental  veflcls  ceafe  to  acl,  coalefce,  and  are 
transformed  from  iap-w'ood,  or  alburnum,  into  inert  wood; 
ferving  only  for  the  fupport  of  the  new  tree,  which  grows 
over  them. 

Thus  from  the  pith  of  the  new  bud  of  the  horfe-chefnut 
five  veffels  pafs  out  through  the  circle  of  the  placental  vef- 
fels  above  defcribed,  and  carry  with  them  a minuter  circle 
of  thofe  veffels;  thefe  five  bundles  of  veffels  unite  after 
their  exit,  and  form  the  foot-flalk  or  petiole  of  the  new 
five-fingered  leaf,  to  be  fpoken  of  hereafter.  This  firuaure 
is  well  feen  by  cutting  off  a leaf  of  the  horfe-chefnut 
(^•Efculus  Hippocaftanum)  in  September  before  it  falls,  a* 
the  buds  of  this  tree  are  fo  large  that  the  flower  may  be  feen 
in  them  with  the  naked  eye. 

After  a time,  perhaps  about  midfummer,  another  bundle 
of  veffels  paffes  from  the  pith  through  the  alburnum  or 
fap-vcffels  in  the  bofom  of  each  leaf,  and  unites  by  the 
new'  bark  w'ith  the  leaf,  which  becomes  either  a flower- 
bud  or  a leaf-bud  to  be  expanded  in  the  enfuing  fpring, 
for  w liich  purpofe  au  apparatus  of  placental  veffels  are  pro- 
duced with  proper  nutriment  during  the  progrefs  of  the 
fummer  and  autumn,  and  thus  the  vegetable  becomes  annually 
incrcafcd,  ten  thoufand  buds  often  exifiing  (A  one  tree,  ac- 
cordin'^ to  the  efiimate  of  Linmeus.  Phil.  Bot. 
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The  vafcular  connexion  of  vegetable  buds  wlih  the  leaves 

O 

in  whofe  bofoms  they  are  formed  is  confirmed  by  the  fol- 
lowing experiment,  (061:.  20,  1781.)  On  the  extremity  of 
a young  bud  of  theMimofa  (fenfitive  plant)  a fmall  drop  of 
acid  of  vitriol  was  put  by  means  of  a pen,  and  after  a few 
feconds,  the  leaf,  in  whofe  axilla  it  dwelt,  clofcd  and  opened 
no  more,  though  the  drop  of  vitriolic  acid  was  fo  fmall  as 
apparently  only  to  injure  the  fummlt  of  the  bud.  Does 
not  this  feem  to  flrew  that  the  leaf  and  its  bud  have  connect- 
ing veGTels  though  they  arlfe  at  different  times  and  from 
different  parts  of  the  medulla  or  pith  ? And  as  it  exifts 
previoufly  to  it,  that  the  leaf  is  the  parent  of  the  bud?  or 
did  the  acid  deftroy  both  the  parent  bud  and  its  foetus  ? 

This  placentation  of  vegetable  buds  is  clearly  evinced 
from  the  fweetnefs  of  the  riimg  fap,  and  from  its  ccafing  to 
rife  as  foon  as  the  leaves  are  expanded,  and  thus  completes 
the  analogy  between  buds  and  bulbs.  Nor  need  we  wonder 
at  the  length  of  the  umbilical  cords  of  buds,  fince  that  mufl 
correfpond  with  their  fituallon  on  the  tree,  in  the  fimre 
manner  as  their  lymphatics  and  arteries  are  proportionally 
elongated. 

Since  the  above  was  firft  printed,  I have  thought  that 
thefe  fap-veffels,  which  bleed  fo  much  on  being  wounded 
in  the  vernal  months,  ought  rather  to  be  called  umbilical 
than  placental  veffels.  As  they  fupply  the  young  bud 
with  nutrition ; whereas  the  placenta  of  the  animal  foetus 
is  a refpiratory  organ,  as  fliewn  in  Zoonomia,  Vol,  I. 
Seel.  38. 


( ) 


NOTE  XXXVl. 

VEGETABLE  CIRCULATION. 

And  rejiuent  Hood  in  milky  eddies  lends. 

Canto  l\'^  1.  4^!?. 

The  indivldiiallty  of  vegetable  buds  was  fpoken  of  before, 
and  is  confirmed  by  the  method  of  raifmg  all  kinds  of  trees 
by  Mr.  Barnes.  (Method  of  propagating  Fruit  Trees,  \75[). 
Lond.  Baldwin.)  He  cut  a branch  into  as  many  pieces 
as  there  were  buds  or  leaves  upon  it,  and  wiping  the  two 
wounded  ends  dry  he  quickly  applied  to  each  a cement, 
previoufly  warmed  a little,  which  confided  principally  of 
pitch,  and  planted  them  In  the  barth.  The  ufe  of  this 
cement  I fuppofe  to  confift  in  its  preventing  the  bud  from 
bleeding  to  death,  though  the  author  afenbes  it  to  its  anti~ 
feptic  quality. 

Thefe  buds  of  plants,  which  are  thus  each  an  individual  ve- 
getable, in  many  circumflances  refemble  individual  animals, 
but  as  animal  bodies  are  detached  from  the  earth  and  move 
from  place  to  place  in  fearch  of  food,  and  take  that  food  at  con- 
fiderable  Intervals  of  lime,  and  prepare  it  for  their  nourifh- 
ment  within  their  own  bodies  after  it  is  taken,  it  is  evident 
they  mud  require  many  organs  and  po\^crs  wiiu.h  aie  not 
necediiry  to  a dationary  bud.  As  vegetables  arc  im- 
movcably  fixed  to  the  foil  from  whence  they  draw  their 
nourilhment  ready  prepared,  and  this  uniformly  not  at  re- 
turning intervals,  it  follows  that  in  examining  their  analome 
.we  are  not  to  look  for  mufcles  of  locomotion,  as  arms  and 
Icjrs ; nor  for  organs  to  receive  and  prepare  their  nourifli- 
ment,  as  a domach  and  bowels;  nor  for  a refervoir  for  it 
after  it  is  prepared,  as  a general  fydem  of  veins,  which  in 
locomotive  animals  contains  and  returns  the  fuperduous 
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blood  which  is  left  after  the  various  organs  of  fecrciion  have 
been  fupplied,  by  which  contrivance  they  are  enabled  to  live 
a long  time  without  new  fupplles  of  food. 

The  parts  which  we  may  expc6l  to  find  in  the  anatome 
of  vegetables  correfpondent  to  thofe  in  the  animal  economy 
are.  l.Afvftem  of  abforbent  veflels  to  Imbibe  the  moif- 
ture  of  the  earth  fimilar  to  the  lacteal  veflels,  as  in  the  roots 
of  plants;  and  another  fyflem  of  abforbents  fimilar  to  the 
lymphatics  of  animal  bodies,  opening  its  mouths  on  the  in- 
ternal cells  and  external  furfaces  of  vegetables;  and  a third 
fyflem  of  abforbent  veflels  correfpondent  with  thofe  of  the 
placentation  of  the  animal  foetus.  2.  A pulmonary  fyflem 
correfpondent  to  the  lungs  or  gills  of  quadrupeds  and  filh, 
bv  which  the  fluid  abforbed  bv  the  lacleals  and  lymphatics 
may  be  expofed  to  the  influence  of  the  air,  this  is  done  by 
the  greeti  leaves  of  plants,  thofe  in  the  air  refembling  lungs, 
and  thofe  in  the  water  refembling  gills ; and  by  the  petals  of 
flowers.  3.  Arterial  fyflems  to  convey  the  fluid  thus  elabo- 
rated to  the  various  glands  of  the  vegetable  for  the  purpofes 
of  its  growth,  nutrition,  and  various  fecretions.  4.  The 
various  elands  which  feparate  from  the  vegetable  blood  the 
honey,  wax,  gum,  refin,  ftarch,  fugar,  effential  oil,  &c. 
5.  The  organs  adapted  for  their  propagation  or  repro- 
du6lion.— 6.  Mufcles  to  perform  feveral  motions  of  their 
parts. 

I.  The  exiftence  of  that  branch  of  the  abiorbent  veflels 
of  vegetables  which  refembles  the  la£teals  of  animal  bodies, 
and  imbibes  their  nutriment  from  the  moift  earth,  is  evinced 
bv  their  growth  fo  long  as  moifture  is  applied  to  their  roots, 
and  their  quickly  withering  when  it  is  withdrawn. 

Befides  thefc  abforbents  in  the  roots  of  plants  there  are 
others  wdiich  open  their  mouths  on  the  external  furfaces 
of  the  bark  and  leaves,  and  on  the  internal  furfaces  of  all 
the  cells,  and  between  the  bark  and  the  alburnum  or  fap- 
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wood ; the  exigence  of  thefc  is  flicwn,  becaufe  a leaf  plucked 
off  and  laid  with  its  under  fide  on  water  will  not  wither  fo  foon 
as  if  left  in  the  dry  air, — the  fame  if  the  bark  alone  of  a 
branch  which  is  feparated  from  a tree  be  kept  moifl  with 
water, — and  laftlv,  by  moiftening  the  alburnum  or  fapwood 
alone  of  a branch  detached  from  a tree  it  will  not  fo  foon 
wither  as  if  left  in  the  dry  air.  By  the  following  experi- 
ment thefe  veffcls  were  agreeably  vifible  by  a common  mag- 
nifying glafs;  I placed  in  the  fummer  of  1781  the  footflalks 
of  fome  large  fig-leaves  about  an  inch  deep  in  a deco6tion 
of  madder,  (rubia  tinclorum,)  and  others  in  a deco6tion  of 
logwood  (hsematoxylum  campei'henfe,)  along  with  fome 
fprigs  cut  od'froru  a plant  of  picris  : thefe  plants  were  cho- 
fen  becaufc  their  blood  is  w'hite:  after  lome  hours,  and  on 
the  next  dav,  on  taking  out  either  of  thefe  and  cutting  ofl' 
from  its  bottom  about  a quarter  of  an  inch  of  the  ftalk  an 
internal  circle  of  red  points  appeared,  which  were  the  ends 
of  abforbent  velfels  coloured  red  with  the  decodion,  while 
an  external  ring  of  arteries  was  i’een  to  bleed  out  haftily  a 
a milkv  juice,  and  at  once  evinced  both  the  abforbent  and 
arterial  fvftem.  1'hefe  abforbent  veflels  have  been  called 
by  Grew,  and  Malpighi,  and  fome  other  philofophcrs, 
bronchi,  and  erroncoudy  fuppofed  to  be  air-velTels.  It  is 
probable  that  thele  veflels,  when  cut  through,  may  effufe 
their  fluids,  and  receive  air,  their  fides  being  too  ftiff  to  col- 
lapfe ; fince  dry  wood  emits  air-bubbles  in  the  exhaufled 
receiver  in  the  fame  manner  as  moifl  wood. 

The  flrucSlure  of  thefe  vegetable  abforbents  confifls  of  a 
ipiral  line,  and  not  of  a vcflfel  interrupted  with  valves  like 
the  animal  lymphatics,  fince  on  breaking  almofl  any  tender 
leaf  and  drawing  out  fome  of  the  fibres  which  adhere  longefl 
this  f])iral  flru6ture  becomes  vifible  even  to  the  naked  eye, 
and  diflin6dy  fo  by  the  ufc  of  a common  lens.  See.  Grew, 
Plate  51. 
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In  fuch  a (Iruclure  it  is  eafy  to  conceive  how  a vermi- 
cular or  pcriftaltic  motion  of  the  vefTcl  beginning  at  the 
lowed  part  of  it,  each  fpiral  ring  fiiccelTively  contracting 
iifelf  till  it  fills  up  the  tube,  muft  forcibly  pufh  forwards 
its  contents,  as  from  the  roots  of  vines  in  the  bleeding  fea- 
fon;  and  if  this  vermicular  motion  Pnould  begin  at  the 
upper  end  of  the  vefirei  it  is  as  eafy  to  lee  how  it  mult  carry 
its  contained  fluid  in  a contrary  dire6iion.  This  retrograde 
motion  of  the  vegetable  abforbent  veiTels  is  fliewn  by  cut- 
ting aforked  branch  from  a tree,  and  immerfing  a part  of  one 
of  the  forks  in  water,  which  will  for  many  days  prevent  the 
other  from  withering ; or  it  is  fltewn  by  planting  a willow 
branch  with  the  wrong  end  upwards.  This  ftruClure  in 
fome  degree  obtains  in  the  efophagus  or  throat  of  cows, 
who  by  fimilar  means  convey  their  food  firft  downwards 
and  afterward  upwards  by  a retrograde  motion  of  the 
annular  mufcles  or  cartilages  for  the  purpofe  of  a fecond 
maflication  of  it. 

II.  The  fluids  thus  drank  up  by  the  vegetable  abforbent 
veflels  from  the  earth,  or  from  the  atmofphere,  or  from 
their  own  cells  and  interflices,  are  carried  to  the  foot-flalk 
of  every  leaf,  where  the  abforbents  bt;lone;ing  to  each  leaf 
unite  into  branches,  forming  fo  many  pulmonary  arteries, 
and  are  thence  difperfed  to  the  extremities  of  the  leaf,  as 
mav  be  feen  in  cutting  away  flice  after  fllce  the  foot-flalk 
of  a horfe-chelnut  in  September  before  the  leaf  falls.  There 
is  then  a complete  circulatioti  in  the  leaf,  a pulmonary  vein 
receiving  the  blood  from  the  extremities  of  each  artery  on 
the  upper  fide  of  the  leaf,  and  joining  again  in  the  foot-flalk 
of  the  leaf  thefe  veins  produce  fo  many  arteries,  or  aortas, 
which  difperfe  the  new  blood  over  the  new  bark,  elonj^atinff 
its  velTels,  or  producing  its  fccrctions:  but  as  a refervoirof 
blood  could  not  be  wanted  by  a vegetable  bud  which  takes 
in  its  nutriment  at  all  times,  I imagine  there  is  no  venous 
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fyllcm,  no  veins  properly  fo  called,  which  receive  the  blood 
which  was  to  fparc,  and  return  it  into  the  pulmonary  or 
arterial  fyftem. 

The  want  of  a fyflcm  of  veins  was  countenanced  by  the 
following  experiment;  I cut  of}'  feveral  hems  of  tall  fpurge, 
(Euphorbia  heliofcopia)  in  autumn,  about  the  centre  of  the 
plant,  and  obferved  tenfold  the  quantity  of  milky  juice  ooze 
from  the  upper  than  from  the  lower  extremity,  which  could 
hardly  have  happened  if  there  had  been  a venous  fyhem  of 
vefTels  to  return  the  blood  from  the  roots  to  the  leaves. 

Thus  the  vegetable  circulation,  complete  in  the  lungs, 
but  probably  in  the  other  part  of  the  fyhem  deficient  in 
refpc6l  to  a fyhem  of  returning  veins,  is  carried  forwards 
without  a heart,  like  the  circulation  through  the  livers  of 
animals  where  the  blood  broucht  from  the  inteftines  and 
mefentery  by  one  vein  is  difperfed  through  the  liver  by  the 
vena  portarum,  which  affumes  the  office  of  an  artery.  See 
note  XXXVTL 

At  the  fame  time  fo  minute  arc  the  vciTels  in  the  inter- 
texture of  the  barks  of  plants,  which  belong  to  each  indi- 
vidual bud,  that  a general  circulation  may  poffibly  exift, 
thouo'h  we  have  not  vet  been  able  to  difeover  the  venous 

o 

part  of  it. 

Since  the  above  opinion  w^as  firfl  publiflied,  I have  again 
attended  to  this  fubjccfl,  and  now  think  that  the  greater 
difeharge  of  the  milky  blood  from  the  upper  part  of  the 
plant,  than  from  the  lower  part,  might  be  rationally  aferibed 
to  the  defeending  arteries  of  the  ftem  bleeding  more  rapidly 
and  more  copioufly  than  the  alcending  veins.  And  yefler- 
day,  September  28,  17f)8,  a cupful  of  decodlion  of  madder, 
rubia  tindtorum,  w^as  carried  iirto  the  garden,  and  placed 
near  a plant  of  tragopogon  latifolium,  or  fcorzonera,  which 
was  then  in  flower;  a large  Item  of  the  plant  was  then  cut 
afunder,  and  the  grow  ing  end  was  bent  dowm  and  immerfed 
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an  inch  or  two  into  the  coloured  decoction,  along  with  the 
lower  end  of  the  top,  or  part  cut  off.  After  about  a minute 
they  were  taken  out  and  infpe6led  by  a common  lens,  when 
an  Internal  circle  of  red  points  was  vifible  in  both  of  them, 
with  an  external  circle  of  veffels,  which  continued  to  effufe 
white  blood  ; though  this  effufion  w'as  flower  from  the 
root-end  than  from  the  fummit-end,  from  whence  I con- 
cluded, that  the  arteries  of  the  root-end  had  ceafed  to  a6f, 
and  that  the  returning  veins  continued  to  bleed ; and  on  the 
contrary,  that  the  veins  of  the  fummit-part  had  ceafed  to 
a6l,  and  that  the  defcending  arteries  continued  to  bleed. 
And  laftly,  that  the  circle  of  red  points  in  both  of  them 
were  the  mouths  of  the  abforbent  fyflem,  which  continued 
to  a61:  in  both  diredions.  And  I was  thus  induced  to 
believe  the  exiftence  of  a venous  fyflem,  correfponding  to 
the  arterial  one  in  the  barks  or  roots  of  plants,  as  well  as  in 
their  leaves  and  petals. 

There  is  however  another  part  of  the  circulation  of  vege- 
table juices  vifible  to  the  naked  eye,  and  that  is  in  the  corol 
or  petals  of  flowers,  in  which  a part  of  the  blood  of  the 
plant  is  expofed  to  the  influence  of  the  air  and  light  in  the 
fame  manner  as  in  the  foliage,  as  will  be  mentioned  more 
at  large  in  notes  XXXVII.  and  XXXIX. 

Thefe  circulations  of  their  refpedfive  fluids  feem  to  be 
carried  on  in  the  veflels  of  plants  precifely  as  in  animal  bo- 
dies by  their  irritability  to  the  fllmulus  of  their  adapted 
fluids,  and  not  by  any  mechanical  or  chemical  altradlion, 
for  their  abforbent  veffels  propel  the  juice  upwards,  w'hich 
they  drink  up  from  the  earth,  with  great  violence;  I fuppofe 
with  much  greater  than  is  exerted  by  the  ladfeals  of  animals, 
probably  owing  to  the  greater  minutenefs  of  thefe  veffels  in 
vegetables  and  the  greater  rigidity  of  their  coats.  Dr. 
Hales  in  the  fpring  feafon  cut  off  a vine  near  the  ground, 
and  by  fixing  tubes  on  the  remaining  flump  of  it,  found  the 
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fap  to  rife  twenty-one  feet  in  the  tube  by  the  propulfive 
power  of  thefe  abforbents  of  the  roots  of  it.  Veget.  Stat. 
p.  102.  Such  a power  cannot  be  produced  by  capillary 
attradion,  as  that  could  only  raife  a fluid  nearly  to  the 
upper  edge  of  the  attradling  cylinder,  but  not  enable  it  to 
flow  over  that  edge,  and  much  lefs  to  rife  21  feet  above  it. 
What  then  can  this  power  be  owing  to?  Doubtlefs  to 
the  living  adtivity  of  the  abforbent  veflels,  and  to  their  in- 
creafed  vivacity  from  the  influence  of  the  warmth  of  the 
fpring  fucceeding  the  winter’s  cold,  and  iheir  thence  greater 
fufceptibility  to  irritation  from  the  juices  which  they  abforb, 
refembling  in  all  circumftances  the  adlion  of  the  living 
veflels  of  animals. 


• • NOTE  XXXVII. 

VEGETABLE  RESPIRATION. 

IVhile  fpread  in  air  the  leaves  refpirivg  play. 

Canto  IV,  1.  433. 

I.  There  have  been  various  opinions  concerning  the 
ufe  of  the  leaves  of  plants  in  the  vegetable  oeconomy.  Some 
have  contended  that  they  are  perfplratory  organs ; this  does 
not  feem  probable  from  an  experiment  of  Dr.  Hales,  Veg. 
Stat.  p.  30.  He  found  by  cutting  off  branches  of  trees 
with  apples  on  them,  and  taking  off  the  leaves,  that  an 
apple  exhaled  about  as  much  as  two  leaves,  the  furfaces  of 
which  were  nearly  equal  to  the  apple;  whence  it  would 
appear  that  apples  have  as  good  a claim  to  be  termed 
perfplratory  organs  as  leaves.  Others  have  believed  them 
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excretory  organs  of  excrementitious  juices;  but  as  the  va- 
pour exhaled  from  vegetables  has  no  tafte,  this  idea  is  no 
more  probable  than  the  other  ; add  to  this  that  in  moift 
weather,  they  do  not  appear  to  perfpire  or  exhale  at  all. 

The  internal  furface  of  the  lungs  or  air-veflels  in  men,  is 
faid  to  be  equal  to  the  external  furface  of  the  whole  body,  or 
about  fifteen  fquare  feet ; on  this  furface  the  blood  is  expofed 
to  the  influence  of  the  refpired  air,  through  the  medium 
however  of  a thin  pellicle  ; by  this  expofure  to  the  air  it  has 
its  colour  changed  from  deep  red  to  bright  fcarlet,  and  ac- 
quires fomething  fo  neceflary  to  the  exillence  of  life,  that 
we  can  live  fcarcely  a minute  without  this  wonderful  pro- 
cefs. 

The  analogy  between  the  leaves  of  plants  and  the  lungs  or 
gills  of  animals  feems  to  embrace  fo  many  circumftances, 
that  we  can  fcarcely  withold  our  aflfent  to  their  performing 
fimilar  offices. 

1 . The  great  furface  of  the  leaves  compared  to  that  of  the 
trunk  and  branches  of  trees  is  fuch,  that  it  would  feem  to  be 
an  organ  well  adapted  for  the  purpofe  of  expofing  the  vege- 
table juices  to  the  influence  of  the  air ; this  however  we  fhall 
fee  afterwards  is  probably  performed  only  by  their  upper  fur- 
faces,  yet  even  in  this  cafe  the  furface  of  the  leaves  in  gene- 
ral bear  a greater  proportion  to  the  furface  of  the  tree,  than 
the  lungs  of  animals  to  their  external  furfaces. 

2,  In  the  lungs  of  animals,  the  blood  after  having  been 
expofed  to  the  air  in  the  extremities  of  the  pulmonary  artery, 
is  changed  in  colour  from  deep  red  to  bright  fcarlet,  and  cer- 
tainly in  fome  of  its  eflential  properties  ; it  is  then  colledled 
by  the  pulmonary  vein  and  returned  to  the  heart.  To  fhew 
a fimilarity  of  circumftances  in  the  leaves  of  plants  the  fol- 
lowing experiment  was  made,  June  24,  1781.  A ftalk  with 
leaves  and  feed-veflels  of  large  fpurge  (Euphorbia  heliofcopia) 
had  been  feveral  days  placed  in  a deco6lion  of  madder 
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(Rubia  tin6torum)  fo  that  the  lower  part  of  the  (lem,  and 
two  of  the  undermoft  leaves  were  immcrfed  in  it.  After 
having  walhed  the  immerfed  leaves  in  clear  water,  I could 
readily  difcern  the  colour  of  the  madder  paflTing  along  the 
middle  rib  of  each  leaf.  This  red  artery  was  beautifully 
\ifible  both  on  the  under  and  upper  fiirface  of  the  leaf;  but 
on  the  upper  fide  many  red  branches  were  feen  going  from 
it  to  the  extremities  of  the  leaf,  which  on  the  other  fide  were 
oot  vifible  except  by  looking  through  it  againft  the  light. 
On  this  under  fide  a fyftem  of  branching  veffels  carrying  a 
pale  milky  fluid  were  feen  coming  from  the  extremities  of 
the  leaf,  and  covering  the  whole  underfideof  it,  and  joining 
into  two  large  veins,  one  on  each  fide  of  the  red  artery  in 
the  middle  rib  of  the  leaf,  and  along  with  it  defcending  to 
the  footflalk  or  petiole.  On  flitting  one  of  thefe  leaves  with 
fclflars,  and  having  a common  magnifying  lens  ready,  the 
milky  blood  was  feen  oozing  out  of  the  returning  veins  on 
each  fide  of  the  red  artery  in  the  middle  rib,  but  none  of 
the  red  fluid  from  the  artery. 

All  thefe  appearances  were  more  eafily  feen  in  a leaf  of 
Picris  treated  in  the  fame  manner;  for  in  this  milky  plant 
the  ftems  and  middle  rib  of  the  leaves  are  fometimcs  natu- 
rally coloured  reddifli,  and  hence  the  colour  of  the  madder 
feemed  to  pafs  further  into  the  ramifications  of  their  leaf- 
arteries,  and  was  there  beautifully  vifible  with  the  returning 
branches  of  milky  veins  on  each  fide. 

3.  From  thefe  experiments  the  upper  furface  of  the  leaf 
appeared  to  be  the  immediate  organ  of  refpiration,  becaufe 
the  coloured  fluid  was  carried  to  the  extremities  of  the  leaf 
by  velTels  moft  confpicuous  on  the  upper  furface,  and  there 
changed  into  a milky  fluid,  which  is  the  blood  of  the  plant, 
and  then  returned  by  concomitant  veins  on  the  under  furface 
which  were  feen  to  ooze  when  divided  with  fcilfars,  and 
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which,  in  Picris  particularly,  render  the  under  furface  of  the 
leaves  greatly  whiter  than  the  upper  one. 

4.  As  the  upper  furface  of  leaves  conftltutes  the  organ  of 
refpiration,  on  which  the  fap  is  expofed  in  the  terminations 
of  arteries  beneath  a thin  pellicle  to  the  aftion  of  the  atmof- 
phere,  thefe  furfaces  in  many  plants  flrongly  repel  moifture, 
as  cabbage-leaves,  whence  the  particles  of  rain  lying  over 
their  furfaces  without  touching  them,  as  obferved  by  Mr. 
Melville  (Eflays  Literary  and  Philofoph.  Edinburgh)  have 
the  appearance  of  globules  of  quickfilver.  And  hence 
leaves  laid  with  the  upper  furfaces  on  water,  wither  as  foon 
as  in  the  dry  air,  but  continue  green  many  days,  if  placed 
with  the  under  furfaces  on  water,  as  appears  in  the  experi- 
ments of  Monf.  Bonnet  (Ufage  des  Feuilles.)  Hence  fome 
aquatic  plants,  as  the  water-lily  (Nymphoea)  have  the  lower 
fides  of  their  leaves  floating  on  the  water,  while  the  upper 
furfaces  remain  dry  in  the  air. 

5. x\s  thofe  infedls  which  have  many  fpiracula,  or  breath- 
ing apertures,  as  wafps  and  flies,  are  immediately  fuffbea- 
ted  by  pouring  oil  upon  them,  I carefully  covered  with  oil 
the  furfices  of  feveral  leaves  of  Phlomis,  of  Portugal  Laurel, 
and  Balfams,  and  though  it  would  not  regularly  adhere,  I 
found  them  all  die  in  a day  or  two. 

Of  aquatic  leaves,  fee  Note  on  Trapa  and  on  Fucus,  in 
Vol.  II.  to  which  muft  be  added  that  many  leaves  are  fur- 
nifhed  with  mufcles  about  their  footflalks,  to  turn  their  up- 
per furfaces  to  the  air  or  light,  as  Mimofa  and  Hedyfarum 
gyrans.  From  all  thefe  analogies  I think  there  can  be  no 
doubt  but  that  leaves  of  trees  arc  their  lungs,  giving  out  a 
phlogiftic  material  to  the  atmofphere,  and  abforbing  oxygenc 
or  vital  air. 

6.  The  great  ufe  of  light  to  vegetation  would  appear  from 
this  theory  to  be  by  difengaging  vital  air  from  the  water 
which  they  perfpire,  and  thence  to  facilitate  its  union  with 
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their  blood  expofed  beneath  the  thin  furfaceof  their  leaves; 
fince  when  pure  air  is  thus  applied,  it  is  probable,  that  it 
can  be  more  readily  abforbed.  Hence,  in  the  curious  expe- 
riments of  Dr.  Prieftley  and  Mr.  Ingenhouz,  fome  plants 
purified  air  lefs  than  others,  that  is,  they  perfpired  lefs  in  the 
funfliine;  and  Mr.  Scheele  found  that  by  putting  peas  into 
water,  which  about  half-covered  them,  they  converted  the 
vital  air  into  fixed  air,  or  carbonic  acid  gas,  in  the 
fame  manner  as  in  animal  refpiralion.  See  Note  XXXIV. 

7.  The  circulation  in  the  lungs  or  leaves  of  plants  is  very 
fimiiar  to  that  of  filh.  In  fifh  the  blood  after  having  pafled 
through  their  gills  does  not  return  to  the  heart  as  from  the 
lunss  of  air-breathing  animals,  but  the  pulmonary  vein 
takinir  the  ftrudlure  of  an  artery  after  having  received  the 
blood  from  the  gills,  which  there  gains  a more  florid  colour, 
difiributes  it  to  the  other  parts  of  their  bodies.  The  fame 
flriidure  occurs  in  the  livers  of  fifh,  whence  we  fee  in  thofe 
animals  two  circulations  independent  of  the  power  of  the 
heart,  viz.  that  beginning  at  the  termination  of  the  veins  of 
the  gills,  and  branching  through  the  mufcles,  and  that  which 
paflfes  through  the  liver ; both  which  are  carried  on  by  the 
aftion  of  thofe  refpedive  arteries  and  veins.  Monro’s  Phy- 
fiologv  of  Fifh,  p.  19. 

The  courfe  of  the  fluids  in  the  roots,  leaves,  and  buds  of 
vegetables  feems  to  be  performed  in  a manner  fimiiar  to 
both  tbefe.  Firft  the  abforbent  vefftls  of  the  roots  and  fur- 
faces  unite  at  the  footfialk  of  the  leaf ; and  then,  like  the 
Vena  Portarum,  an  artery  commences  without  the  interven- 
tion of  a heart,  and  fpreads  the  fap  in  its  numerous  ramifi^ 
cations  on  the  upper  furface  of  the  leaf ; here  it  changes  its 
colour  and  properties,  and  becomes  vegetable  blood;  and  is 
again  colledled  by  a pulmonary  vein  on  the  under  furface 
of  the  leaf.  This  vein,  like  that  which  receives  the  blood 
from  the  gills  of  fifhj  affumes  the  office  and  name  of  an  ar*» 
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tery,  and  branching  again  difperfes  the  blood  upward  to  the 
bud  from  the  footftalk  of  the  leaf,  and  downward  to  the 
roots  ; where  it  is  all  expended  in  the  various  fecretions, 
the  nourilhment  and  growth  of  the  plant,  as  fafl.  as  it  is 
prepared. 

II.  The  organ  of  refpiration  already  fpoken  of  belongs 
particularly  to  the  Ihoots  or  buds,  but  there  is  another  pul- 
monary fyllem,  perhaps  totally  independent  of  the  green 
foliage,  which  belongs  to  the  fructification  only,  I mean 
the  corol  or  petals.  In  this  there  is  an  artery  belonging  to 
each  petal,  which  conveys  the  vegetable  blood  to  its  extre- 
mities, expofing  it  to  the  light  and  air  under  a delieate 
membrane  covering  tbe  internal  furface  of  the  petal,  where 
it  often  changes  its  colour,  as  is  beautifully  feen  in  fome 
party-coloured  popples  ; though  it  is  probable  fome  of  the 
iridefcent  colours  of  flowers  may  be  owing  to  the  different  de- 
grees of  tenuity  of  the  exterior  membrane  of  the  leaf  refrac- 
ting the  light  like  foap-bubbles,  the  vegetable  bPjod  is  then 
returned  by  correfpondent  vegetable  veins,  exaClly  as  in  the 
green  foliage;  for  the  purpofesof  the  important  fecretions  of 
honey,  wax,  the  finer  elTential  oil,  and  the  prolific  dull  of  the 
anthers. 

1.  The  vafcular  ftruClure  of  the  corol  as  above  defcrlbed, 
and  which  is  vifible  to  the  na«cea  eye,  and  its  expofing  the 
vecretable  juices  to  the  air  ana  tight  during  the  day,  evince 
that  it  is  a pulmonary  organ. 

2.  As  ihe  glands  which  produce  the  prolific  dull  of  the 
anthers,  the  honey,  wax,  and  frequently  fome  odoriferous 
eflential  oil,  are  generally  attached  to  the  corol,  and  always 
fall  off  and  perifh  with  it,  it  is  evident  that  the  blood  is  ela- 
borated or  oxygenated  in  this  pulmonary  fyftem  for  the  pur- 
pofe  of  thefe  importants  fecretions. 

3.  Many  flowers,  as  the  Colchlcum  and  Hamamelis, 
arife  naked  in  autumn,  no  green  leaves  appearing  till  the  eu« 
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fuing  fpring  ; and  many  others  put  forth  their  flowers  and 
complete  their  impregnation  early  in  the  fpring  before  the 
green  foliage  appears,  as  Mezereon,  cherries,  pears,  which 
fhews  that  thefe  corols  are  the  lungs  belonging  to  the  fruc- 
tification. 

4.  This  organ  does  not  feem  to  have  been  neceflary  for 
the  defence  of  the  flamens  and  piilils,  fmee  the  calyx  of 
many  flowers,  as  'I'ragopngon,  performs  this  office;  and  in 
many  flowers  thefe  petals  themfelves  are  fo  tender  as  to  re- 
quire being  Ihut  up  in  the  calyx  during  the  righi,  for  what 
other  ufe  then  can  fuch  an  apparatus  of  veJels  be  defigned? 

5.  In  the  Helleborus  niger,  Chri  'mas-rofe,  after  the 
feeds  are  grown  to  a certain  lize,  the  ne6taries,  and  f amens 
drop  off,  and  the  beautiful  large  white  petals  change  their 
colour  to  a deep  green,  and  gradually  thus  become  a calyx 
enclofing  and  defending  the  ripening  feeds,  hence  it  would 
feem  that  the  white  veflels  of  the  corol  ferved  the  office  of 
expofing  the  blood  to  the  a6lion  of  the  air,  for  the  purpofes 
of  feparating  or  producing  the  hone^',  wax,  and  prolific  dufl, 
and  when  thefe  were  no  longer  wanted,  that  thefe  veflels 
coalefced  like  the  placental  veflels  of  animals  after  their 
birth,  and  thus  ceafed  to  perform  that  office  and  loft  at  the 
fame  time  their  white  colour.  Why  fliould  they  lofe  their 
white  colour,  unlefs  they  at  the  fame  time  loft  fome  other 
property  belides  that  of  defending  the  feed-veflel,  which  they 
ftill  continue  to  defend  ? 

6 From  thefe  obfervations  I am  led  to  doubt  whether  green 
leaves  be  abfolutely  neceflary  to  the  progrefsof  the  fruit-bud 
after  the  lal  year’s  leaves  are  fallen  off.  The  green  leaves 
ferve  as  lungs  to  the  fhoots  and  fofler  the  new  buds  in  their 
bofoms,  whether  thefe  buds  be  leaf-buds  or  fruit-buds ; but 
in  the  early  fpring  the  fruit-buds  expand  their  corols,  which 
are  their  lungs,  and  feem  no  longer  to  require  green*leaves ; 
hence  the  vine  bears  fruit  at  one  joint  without  leaves,  and 
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puts  out  a leaf-bud  at  another  joint  without  fruit.  And  I 
fuppofe  the  green  leaves  which  rife  out  of  the  earth  in  the 
fpring  from  the  Colchicum  are  for  the  purpofe  of  producing 
the  new  bulb,  and  its  placenta,  and  not  for  the  giving  ma- 
turity to  the  feed.  When  currant  or  goofeberry  trees  lofe  their 
leaves  by  the  depredation  of  infects  the  fruit  continues  to  be 
formed,  though  lefs  fweet  and  lefs  in  fize. 

7,  From  thefe  fa6ts  it  appears  that  the  flower-bud  after 
the  corol  falls  off,  (which  is  its  lungs,)  and  the  llamens  and 
nectary  along  with  it,  becomes  fimply  an  uterus  for  the  pur- 
pofe of  fupplying  the  growing  embryon  with  nourifliment, 
together  with  a fyflem  of  abforbent  vefiels  which  bring  the 
juices  of  the  earth  to  the  footilalk  of  the  fruit,  and  which 
there  changes  into  an  artery  for  the  purpofe  of  dihributing 
the  fap  for  the  fecretion  of  the  faccharine  or  farinaceous  or 
acefeent  materials  for  the  ufe  of  the  embryon.  At  the  fame 
time  as  all  the  veifels  of  the  different  buds  of  trees  inofculate 
or  communicate  w'ith  each  other,  the  fruit  becomes  fweeter 
and  larger  when  the  green  leaves  continue  on  the  tree,  but 
the  mature  flowers  themfelves,  (the  fucceeding  fruit  not 
confidered)  perhaps  fuffl-r  little  injury  from  the  green  leaves 
being  taken  off,  as  fome  florifts  have  obferved. 

8.  That  the  veffels  of  different  vegetable  buds  inofculate 
in  various  parts  of  their  circulation  is  rendered  probable  bv 
the  increafed  growth  of  one  bud,  wdien  others  in  its  vicinity 
are  cut  away;  as  it  thus  feems  to  receive  the  nouriffurie;'.* 
^hich  was  before  divided  amongff  many. 
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NOTE  xxxvm. 

VEGETABLE  IMPREGNATION. 

Love  out  his  hour  and  leave  his  life  in  air. 

Canto  IV.  1.  4/2. 

From  the  accurate  experiments  and  obfervatlons  of  Spal- 
lanzanllt  appears  that  in  iheSpartium  Junceum,  rufh-brooni, 
the  very  minute  feeds  w^re  difcerned  in  the  pod  at  leaft 
twenty  days  before  the  flower  is  in  full  bloom,  that  is  twenty 
days  before  fecundation.  At  this  time  alfo  the  powder  of  the 
attlhers  was  vifjble,  but  glued  fall  to  their  fummits.  The 
feeds  however  at  this  time,  and  for  ten  days  after  the  bloflbm 
had  fallen  off,  appeared  to  confifl:  of  a gelatinous  fubflance. 
On  the  eleventh  day  after  the  falling  of  the  bloflbm  the  feeds 
became  heart  Ihaped,  with  the  bafis  attached  by  an  appen- 
dage to  the  pod,  and  a white  point  at  the  apex  ; this  white 
point  was  on  preflure  found  to  be  a cavity  including  a drop 
of  liquor. 

On  the  25th  day  the  cavity  which  at  firfl:  appeared  at  the 
apex  was  much  enlarged  and  ftill  full  of  liquor,  it  alfo  con- 
tained a very  fmall  femi-tranfparent  body,  of  a yellowifli 
colour,  gelatinous,  and  fixed  by  its  two  oppolite  ends  to  the 
fules  of  the  cavity. 

In  a month  the  feed  was  much  enlarged  and  its  fhape 
changed  from  a heart  to  a kidney,  the  little  body  contained 
in  the  cavity  was  increafed  in  bulk  and  was  lefs  tranfparent, 
and  gelatinous,  but  there  yet  appeared  no  organization. 

On  the  40ih  day  the  cavity  now  grown  larger  was  quite 
filled  with  the  body,  which  was  covered  with  a thin  mem- 
brane; after  this  membrane  was  removed  the  body  appeared 
of  a bright  green,  and  was  eafily  divided  by  the  point  of  a 
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needle  into  two  portions,  which  manifeflly  formed  the  two 
lobes,  and  within  thefe,  attached  to  the  lower  part,  the  exceed- 
ingly fmall  plantule  was  eafily  perceived. 

The  foregoing  obfervaiions  evince,  1.  That  the  feeds  exifl: 
in  the  ovarium  many  days  before  fecundation.  2.  That  they 
remain  for  fome  time  folld,  and  then  a cavity  containing 
a liquid  is  formed  in  them.  3.  That  after  fecundation 
a body  begins  to  appear  within  the  cavity  fixed  bv 
two  points  to  the  fidcs,  which  in  procefs  of  time  proves 
to  be  two  lobes  containing  a plantule.  4.  That  the  ripe  feed 
confifts  of  two  lobes  adhering  to  a plantule,  and  furroitndcd 
by  a thin  membrane  which  is  itfelf  covered  with  a hulk  or 
cuticle.  Spallanzani’s  Diflertations,  Vol.  II.  p.  253. 

The  analogy  between  feeds  and  eggs  has  long  been  ob- 
ferved,  and  is  confirmed  by  the  mode  of  their  pro- 
du6Uon.  The  egg  is  known  to  be  formed  within  the  hen 
long  before  its  impregnation;  C.  F.  Wolf  afierts  Uiat  the 
yolk  of  an  egg  is  nouriflied  by  the  velTels  of  the  mother, 
and  that  it  has  from  thofe  its  arterial  and  venous  branches, 
but  that  after  impregnation  thefe  veffels  gradually  become 
impervious  and  obliterated,  and  that  new  ones  are  pro- 
duced from  the  feetus  and  difperfed  into  the  yolk.  Hal- 
ler’s Phyfiolog.  Tom.  VIII.  p.  94.  Tlie  you  tig  feed  after 
fecundation,  I fuppofe,  is  nouriflied  in  a fimilar  manner 
from  the  gelatinous  liejuor,  which  is  prcvioully  depofitcd  for 
that  purpofe;  the  uterus  of  the  plant  producing  or  fecrcting 
it  into  a refervoir  or  amnios  in  which  the  embrvon  is  lodrcd. 
and  the  young  embryon  is  furniflicd  wlih  velTels  to  abforb  a 
part  of  it,  as  in  the  very  early  embryon  in  the  animal  uterus. 

The  fpawn  of  frogs  and  of  fifli  is  delivered  from  the  female 
before  its  impregnation.  M.  Bonnet  fays  that  the  male 
falamandcr  darts  his  femen  into  the  water,  where  it  forms 
a little  whitifli  cloud  which  is  afterwards  received  by  the 
fwoln  anus  of  the  female,  and  fire  is  fecundated. — He  adds 


428  VEGETABLE  IMPREGNATION.  Note  XXXVUI. 


that  marine  plants  approach  near  to  thefe  animals,  as  the 
male  docs  not  proje<5l  a fine  powder  but  a liquor  which 
in  like  manner  forms  a little  cloud  in  the  water. — And  fur- 
ther adds,  who  knows  but  the  powder  of  the  fiamina  of 
certain  plants  may  make  fome  impreffion  on  certain  germs 
belonging  to  the  animal  kingdom ! Letter  XLIII.  to  Spal- 
lanzani, Oeuvres  Philof. 

Spallanzani  found  that  the  femlnal  fluid  of  frogs  and 
dogs  even  when  diluted  with  much  water  retained  its  prolific 
quality.  Whether  this  quality  be  Amply  a ftimulus  exci- 
ting the  egg  into  animal  a£Hon,  which  may  be  called 
a vivifying  principle,  or  whether  part  of  It  be  adlually 
conjoined  with  the  egg,  is  not  yet  determined,  though  the 
latter  ieems  more  probable  from  the  frequent  refcmblance 
of  the  foetus  to  the  male  parent.  A conjunction  however 
of  both  the  male  and  female  influence  feems  neceffary  for 
the  purpofe  of  rcprodu6tion  throughout  all  organized  nature, 
as  well  in  hermaphrodite  infetRs,  microfcopic  animals,  and 
polypi,  and  exifts  as  well  in  the  formation  of  the  buds  of  ve- 
getables as  in  the  prodiuStion  of  their  feeds,  which  is  inge- 
nioufly  conceived  and  explained  by  Linnaeus.  After  having 
compared  the  flower  to  the  larva  of  a butterfly,  confifling  of 
petals  inflead  of  wings,  calyxes  inftcad  of  wing-fl’ieaths, 
with  the  organs  of  reprodiuSlion,  and  having  flicwn  the  ufe 
of  the  farina  in  fecundating  the  egg  or  feed,  he  proceeds  to 
explain  the  produtTion  of  the  bud.  The  calyx  of  a flower, 
he  fiivs,  is  an  expanfion  of  the  outer  bark,  the  petals  proceed 
from  the  inner  bark  or  rind,  the  flamens  from  the  alburnum 
or  w'oody  circle,  and  the  flyle  from  the  pith.  In  the  pro- 
duction and  impregnation  of  the  feed  a commixture  of  the 
fecretlons  of  the  flamens  and  flyle  are  neccITary ; and  for 
the  produdion  of  a bud  he  thinks  the  medulla  or  pith  burfls 
its  integuments  and  mixes  with  the  woody  part  or  albur- 
num, and  thefe  forcing  their  paflTage  through  the  rind  and 
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bark  conftitute  the  bud  or  viviparous  progeny  of  the  vege- 
table. Syftem  of  Vegetables  tranflated  from  Linnaeus,  p.  8. 

It  has  been  fuppofed  that  the  embryon  vegetable  after 
fecundation,  by  its  living  aftivity  or  fiimulus  exerted  on 
the  veflels  of  the  parent  plant  may  produce  the  fruit  or 
feed-lobes,  as  the  animal  foetus  produces  its  placenta,  and 
as  vegetable  buds  may  be  fuppofed  to  produce  their  um- 
bilical veflels  or  roots  down  the  bark  of  the  tree.  This  in 
refpeft  to  the  produdion  of  the  fruit  furrounding  the  feeds 
of  trees  has  been  aflimilatcd  to  the  gall-nuts  on  oak-leaves, 
and  to  the  bedeguar  on  briers,  but  there  is  a pow'erful  ob- 
je6tion  to  this  dodrine,  viz.  that  the  fruit  of  figs,  all  which 
are  female  in  this  country,  grow  nearly  as  large  without 
fecundation,  and  therefore  the  embryon  has  in  them  no  fclf- 
kving  principle. 


NOTE  XXXIX. 

VEGETABLE  GLANDULATION. 

Seeks,  where  fine  pores  their  dulcet  halm  difiil. 

Canto  IV.  1.  533. 

The  glands  of  vegetables  which  feparate  from  their  blood 
the  mucilage,  ftarch,  or  fugar,  for  the  pkcentation  or  fup- 
port  of  their  feeds,  bulbs,  and  buds  ; or  thofe  which  dcpofit 
their  bitter,  acrid,  or  narcotic  juices  for  their  defence  from  de- 
predations of  infedls  or  larger  animals  j or  thofe  which  fecrete 
refins,  or  w'ax  for  their  prote6Hon  from  moifture  or  frofls, 
conflft  of  veflels  too  fine  for  the  injeclion  or  abforption  of 
coloured  fluids,  and  have  not  therefore  vei  been  exhibited 
to  the  infpeftion  even  of  our  glafles,  and  can  therefore 
only  be  known  by  their  efTc6ls,  but  one  of  the  moft 
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curious  and  important  of  all  vegetable  fccretions,  that  of 
honey,  is  apparent  to  our  naked  eyes,  though  before  the 
difcoveries  of  Linnaeus  the  nedlary  or  honey-gland  had  not 
even  acquired  a name. 

The  odoriferous  eflential  oils  of  feveral  flowers  feem  to 
have  been  deflgned  for  their  defence  againft  the  depreda- 
tions of  infedis,  while  their  beautiful  colours  were  a necef- 
fary  confequence  of  the  fize  of  the  particles  of  their  bloody 
or  of  the  tenuity  of  the  exterior  membrane  of  the  petal. 
The  ufe  of  the  prolific  dufl  is  now  well  afeertained ; the 
wax  which  covers  the  anthers  prevents  this  dufl:  from 
leceivingmolrture,  which  w'ould  make  it  burfl  prematurely  and 
thence  prevent  its  application  to  the  fligma,  as  fometimes 
happens  in  moift  years  and  is  the  caufe  of  deficient  fecun- 
dation both  of  our  fields  and  orchards. 

The  univerfality  of  the  produdlion  of  honey  in  the  vegetable 
world,  and  the  very  complicated  apparatus  which  nature  has 
conftrudlcd  in  many  flowers,  as  well  as  the  acrid  or  delete- 
lious  juices  Are  has  furniihed  thofe  flowers  with  (as  in  the 
Aconite)  to  protedf  this  honey  from  rain  and  from  the  de- 
predations of  infcdis,  feem  to  imply  that  this  fluid  is  of  very 
great  Importance  in  the  vegetable  economy;  and  alfo  that 
it  was  neceflary  to  expofe  it  to  the  open  air  previous  to  its 
reabforption  into  the  vegetable  vcflTels. 

In  the  animal  fyflem  the  lachrymal  gland  feparates  its 
fluid  into  the  open  air  for  the  purpofe  of  moiflening  the 
eye,  of  this  fluid  the  part  which  does  not  exhale  is  abforbed 
by  the  pundta  lachrymalia  and  carried  into  the noflrils ; but 
as  this  is  not  a nutritive  fluid  the  analogy  goes  no  further 
than  its  fecrclion  into  the  open  air  and  its  reabforption  into 
the  fyflem  ; every  other  fccreted  fluid  in  the  animal  body 
is  in  part  abforbed  again  into  the  fydein,  even  thofe  which 
are  efleemed  excrementitious,  as  the  urine  and  perfpirable 
matter,  of  which  the  latter  is  fccreted,  like  the  honey,  into  the 
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external  air.  That  the  honey  is  a nutritious  fluid  perhaps 
the  moll;  fo  of  any  vegetable  production,  appears  from  its  great 
fimilarity  to  fugar,  and  from  its  affording  fuffenance  to  fuch 
numbers  of  infetts  which  live  upon  it  folely  during  fummer, 
and  lay  it  up  for  their  winter  provifion.  Thefe  proofs  of  its 
nutritive  nature  evince  the  neccflTity  of  its  reabforption  into 
the  vegetable  fyftcm  for  fome  ufeful  purpofe. 

This  purpofe  however  has  as  yet  efcapcd  the  refearches 
of  philofophical  botanifts.  M.  Pontedera  believes  it  deflgned 
to  lubricate  the  vee;etable  uterus,  and  compares  the  horn- 
like nedlaries  of  fome  flowers  to  the  appendiclc  of  the  crecum 
inteflinum  of  animals.  (Antholog.  p.  49.)  Others  have 
fuppofed  that  the  honey,  when  rcabforbed,  might  ferve  the 
purpofe  of  the  liquor  amnii,  or  white  of  the  egg,  as  a nu- 
triment for  the  young  embryon  or  fecundated  feed  in  its 
early  Rate  of  exiflence.  But  as  the  neClary  is  found  equally 
general  in  male  flowers  as  in  female  ones  ; and  as  the  young 
embryon  or  feed  grows  before  the  petals  and  nedary  are 
expanded,  and  after  they  fall  off ; and,  thirdly,  as  the  neClary 
fo  foon  falls  off  after  the  fecundation  of  the  piflilum  ; thefe 
feern  to  be  infurmountable  objeclions  to  both  the  above- 
mentioned  opinions. 

In  this  rtate  of  uncertainty  conjeCfures  may  be  of  ufe  fo 
far  as  they  lead  to  further  experiment  and  invefligation.  In 
many  tribes  of  infeCls,  as  the  filk-worm,  and  perhaps  in  all 
the  moths  and  butterflies,  the  male  and  female  parents  die 
as  foon  as  the  eggs  are  impregnated  and  excluded  ; the  eggs 
remaining  to  be  perfeCled  and  hatched  at  fome  future  tinje. 
The  fame  thing  happens  in  regard  to  the  male  and  female 
parts  of  flowers ; the  anthers  and  filaments,  which  confti- 
tute  the  male  parts  of  the  flower,  and  the  fligma  and  ftyle, 
which  conflitute  the  fenfitive  or  amatorial  organ  of  the  fe- 
male part  of  the  flower,  fall  off  and  die  as  .foon  as  the  feeds 
are  impregnated,  and  along  with  thefe  the  petals  and  nec- 
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tary.  Now  the  moths  and  butterflies  above  mentioned,  as 
foon  as  they  acquire  the  paflion  and  the  apparatus  for  the 
reprodu6lion  of  their  fpecies,  lofe  the  power  of  feeding  upon 
leaves  as  they  did  before,  and  become  nouriflied  by  what  ? — 
by  honey  alone. 

Hence  we  acquire  a flrong  analogy  for  the  ufe  of  the  nec- 
tary or  fecretion  of  honey  in  the  vegetable  economy,  which 
is,  that  the  male  parts  of  flow'ers  and  the  female  parts,  as 
foon  as  they  leave  their  foetus-ftate,  expanding  their  petals, 
(which  conftitute  their  lungs,)  become  fenfible  to  the  paf- 
fion,  and  gain  the  apparatus  for  the  reprodudion  of  their 
fpecies,  and  are  fed  and  nouriflied  with  honey  like  the infc6ls 
above  deferibed  ; and  that  hence  the  nedlary  begins  its 
ofhee  of  producing  honey,  and  dies  or  ceafes  to  produce  ho- 
ney at  the  fame  time  with  the  birth  and  death  of  the  fla- 
mens  and  the  piflils;  which,  whether  exifling  in  the  fame 
or  indifferent  flowers,  are  feparatc  and  diflinfl  animated 
beings. 

Previous  to  this  time  the  anthers  with  their  filaments, 
and  the  ftigmas  with  their  flyles,  are  in  their  foetus-flate 
fuffained  by  their  placental  veflels,  like  the  unexpanded  leaf- 
bud;  with  the  feeds  exifling  in  the  vegetable  womb  yet 
unimpregnated,  and  the  duff:  yet  unripe  in  the  cells  of  the  an- 
thers. After  this  period  they  expand  their  petals,  which 
have  been  fhewn  above  to  conflitute  the  lungs  of  the  flow^er; 
the  placental  veflels,  which  before  nouriflied  the  anthers 
and  the  fligmas,  coalefce  or  ceafe  to  nourifli  them;  and 
they  now  acquire  blood  more  oxygenated  by  the  air, 
obtain  the  paflion  and  power  of  reprodudlion,  are  fenfible  to 
heat,  and  cold,  and  moifture,  and  to  mechanic  fllmulus, 
and  become  in  reality  infers  fed  with  honey,  fimilar  in 
evtry  refpe£t  except  their  being  attached  to  the  tree  on 
which  they  were  produced. 

Some  experiments  I have  made  this  fummer  by  cutting 
out  the  nedlaries  of  feveral  flowers  of  the  aconites  before  the 
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petals  were  open,  or  had  become  hiuch  coloured,  fome  ot 
ihefe  flowers  near  the  fummit  of  the  plants  produced  no 
feeds,  others  lower  down  produced  feeds  ; but  they  were  not 
fufliciently  guarded  from  the  farina  of  the  flowers  in  their 
vicinity;  nor  have  I had  opportunity  to  try  if  thefe  feeds 
would  vegetate. 

I am  acquainted  with  a phllofopher,  who  contemplating 
this  fubjedl  thinks  it  not  impoflible,  that  the  firft  ihfefts 
were  the  anthers  or  ftigmas  of  flowers ; which  had  by  fonic 
means  loofed  themfelves  from  their  parent  plant,  like  the 
male  flowers  of  Vallifneria;  and  that  many  other  infe£ts 
have  gradually  in  long  procefs  of  time  been  formed  from 
thefe  ; fome  acquiring  wings,  others  finS,  and  other  claws, 
from  their  ceafelefs  efforts  to  procure  their  food,  or  to  fecure 
themfelves  from  injury.  He  contends,  that  none  of  thefe 
changes  are  more  incomprehenfible  than  the  transformation 
of  tadpoles  into  frogs,  and  caterpillars  into  butterflies. 

There  are  parts  of  animal  bodies,  which  do  not  require 
oxygenated  blood  for  the  purpofe  of  their  fecretions,  as  the 
liver;  which  for  the  produdlion  of  bile  take  its  blood  from 
the  mefenteric  veins,  after  it  mufl:  have  lofl  the  whole  or  a 
great  part  of  its  oxygenation,  which  it  had  acquired  in  its 
paffage  through  the  lungs.  In  like  manner  the  pericarpinrn 
or  womb  of  the  flower,  continues  to  fecrcte  its  proper  juices 
for  the  prefent  nourifhment  of  the  newly  animated  embryon- 
feed;  and  the  faccharine,  acefeent,  or  llarchy  maitter  of  tlie 
fruit  or  feed-lobes  for  its  future  growth;  in  the  fame  man- 
ner as  thefe  things  went  on  before  fecundation ; that  is, 
without  any  circulation  of  juices  in  the  petals,  or  produdtloh 
of  honey  in  the  ne£tary : thefe  liaving  pcrlflied  and  fallen 
off  with  the  male  and  female  apparatus  for  inipregnation. 

It  is  proliable  that  ilie  depredations  of  Infetls  on  this  nu- 
tritious fluid  nuift  be  injurious  to  the  prddu6ts  of  vegetation, 
and  would  be  much  more  fo,  but  that  the  plants  have  cither 
VoL.  I.  Ff 
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acquired  means  to  defend  their  honey  in  part,  or  have  learned 
to  make  more  than  is  abfolutely  neceflary  for  their  own  eco- 
nomy. In  the  fame  manner  the  honey-dew  on  trees  is  very 
injurious  to  them  ; in  which  difcafe  the  nutritive  fluid,  the 
vegetable-fapjuice,  feems  to  be  exfuded  by  a retrograde  mo- 
tion of  the  cutaneous  lymphatics,  as  in  the  fweating  flcknefs 
of  the  laft  century.  To  prevent  the  depredation  of  infe6ls 
on  honey  a wealthy  man  in  Italy  is  faid  to  have  poifoned 
his  neighbour’s  bees,  perhaps  by  mixing  arfenic  with  honey, 
againft;  which  there  is  a moft  flowery  declamation  in  Quin- 
tilian, No.  XIII.  As  the  ufe  of  the  wax  is  to  preferve  the 
duft  of  the  anthers  from  moifture,  which  would  prematurely 
burft  them,  the  bees  which  colle6l  this  for  the  conftruc- 
tion  of  the  combs  or  cells,  muft  on  this  account  alfo  injure 
the  vegetation  of  a country  where  they  too  much 
abound. 

It  is  not  eafy  to  conjecture  why  it  w-as  neceflary  that  this* 
fecretion  of  honey  Ihould  be  expofed  to  the  open  air  in  the 
neCtary  or  honey-cup,  for  which  purpofe  fo  great  an  appa- 
ratus for  its  defence  from  infeCls  and  from  fhowers  became 
neceflary.  This  difficulty  increafes  when  we  recoiled  that 
the  fugar  in  the  joints  of  grafs,  in  the  fugar  cane,  and  in  the 
roots  of  beets,  and  in  ripe  fruits  is  produced  without  expo- 
fure  to  the  air. — On  fuppofition  of  its  ferving  for  nutriment 
to  the  anthers  and  ftigmas  it  may  thus  acquire  greater  oxyge- 
nation for  the  purpofe  of  producing  greater  powers  of  fen- 
fjbility,  according  to  a dodrine  lately  advanced  by  a French 
philofopher,  who  has  endeavoured  to  fliew  that  theoxygene, 
or  bafe  of  vital  air,  is  the  conftituent  principle  of  our  power 
of  fenfibility. 

So  caterpillars  are  fed  upon  the  common  juices  of  vege- 
tables found  in  their  leaves,  till  they  acquire  the  organs  of 
reprodudion,  and  then  they  feed  on  honey,  all  I believe  ex- 
cept the  filkw'orm,  which  in  this  country  takes  no  nourilh- 
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ment  after  it  becomes  a butterfly.  Thus  alfo  the  maggot  of 
the  bee,  according  to  the  obfervations  of  Mr.  Hunter,  is  fed 
with  raw  vegetable  matter,  called  bee-bread,  which  is  col- 
ledted  from  the  anthers  of  flowers  and  laid  up  in  cells  for 
that  purpofe,  till  the  maggot  becomes  a winged  bee,  acquires 
greater  fenfibility,  and  is  fed  with  honey,  Phil.  Tranf.  1792. 
See  Zoonomia,  Sc(Sl.  XIII.  on  vegetable  animation. 

From  this  provifion  of  honey  for  the  male  and  female  parts 
of  flowers,  and  from  the  provifion  of  fugar,  flarch,  oil,  and 
mucilage,  in  the  fruits,  feed-cotyledons,  roots  and  buds  of 
plants  laid  up  for  the  nutriment  of  the  expanding  foetus,  not 
only  a very  numerous  clafs  of  infefts,  but  a great  part  of  the 
larger  animals  procure  their  food ; and  thus  enjoy  life  and 
pleafure  without  producing  pain  to  others,  for  thefe  feeds  or 
eggs  with  the  nutriment  laid  up  in  them  are  not  yet  endued 
with  fenfitive  life. 

The  fecretions  from  various  vegetable  glands  hardened  in 
the  air  produce  gums,  refins  and  various  kinds  of  faccharine, 
faponaceous,  and  wax-like  fubflances,  as  the  gum  of  cherry 
or  plum-trees,  gum  tragacanth  from  the  aftragalus  tragacan- 
tha,  camphor  from  the  laurus  camphora,  elemi  from  amyris 
elemifera,  aneme  from  hymenoea  courbaril,  turpentine  from 
piftacia  terebinthus,  balfam  of  Mecca  from  the  buds  of 
amyrisopobalfamum,  branches  of  which  arc  placed  in  the 
temples  of  the  Eaft  on  account  of  their  fragrance,  the  wood 
is  called  xylobalfamum,  and  the  fruit  carpobalfamum ; aloe 
from  a plant  of  the  fame  name}  myrrh  from  a plant  not  yet 
deferibed  ; the  remarkably  elaftic  refin  is  brought  into  Eu- 
rope principally  in  the  form  of  flalks,  which  look  like  black 
leather,  and  arc  wonderfully  t-lafllc,  and  not  penetrable  by 
water,  rectified  ether  difl'olvesit;  its. flexibility  is  increafed 
by  warmth  and  dedroyed  by  cold  j the  tree  which  yields  this 
juice  is  the  jatropha  elufiica,  it  grows  in  Guiana  and  the 
neighbouring  travels  of  AmerlAi ; its  juice  is  faid  to  refemble 
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’A'ax  In  becoming  foft  by  heat,  but  that  it  acquires  no 
elafllcity  till  that  property  is  communicated  to  it  by  a 
fccrct  art,  after  which  it  is  poured  into  moulds  and  well 
dried  and  can  no  longer  be  rendered  fluid  by  heat. — 
Mr.  de  la  Borde,  phyfleian  at  Cayenne,  has  given  this  ac- 
count. Manna  is  obtained  at  Naples  from  the  fraxinus 
ornus,  or  manna-alh;  it  partly  iiTucs  fpontancoufly,  which 
is  preferred,  and  partly  exfudes  from  wounds  made  pur* 
pofely  in  the  month  of  Augufl;  many  other  plants  yield 
inaitna  more  fpariitgly:  fugar  is  properly  made  from  the 
faccharum  oflicinalc,  or  fugar  cane,  but  is  found  in  the 
roots  of  beet  and  many  other  plants:  American  wax  is 
obtained  from  the  myrica  ccrifcra,  candle- berry  myrtle; 
the  berries  arc  boiled  in  water  and  a green  wax  fepa- 
rates,  with  luke-w,arm  water  the  wax  is  yellow:  the  feeds 
of  crotonfebiferum  are  lodged  in  tallow ; there  are  many 
other  vegetable  exfudations  ufed  in  the  various  arts  of 
dyeing,  varnifliing,  tanning,  lacquering,  and  which  fupply 
tlic  fliop  of  the  druggifl:  with  medicines  and  with  poifons. 

There  is  another  analogy,  which  would  feem  to  aflbeiate 
plants  with  animals,  and  which  perhaps  belongs  to  this 
Note  on  Glandulation,  I mean  the  fimilaritv  of  their  di- 
geflive  powers.  Tn  the  roots  of  growing  vegetables,  as  in 
the  procefs  of  making  malt,  the  farinaceous  part  of  the  feed 
is  converted  into  fugar  by  the  vegetable  power  of  digeflion, 
in  the  fame  manner  as  tlie  farinaceous  matter  of  feeds  is 
converted  into  fwcet  chyle  by  the  animal  dig»flion.  The 
fap-juicc  which  rifes  in  the  vernal  months  from  the  roots 
of  trees  through  the  alburnum  or  fap-wood,  owes  its  fwcet- 
nefs  I fuppofe  to  a fimilar  digeftivc  power  of  the  abforbent 
fyfleni  of  the  young  buds.  This  exlds  in  many  vegetables 
in  groat  abundance,  as  in  vines,  fycamorc,  birch,  and  mofl; 
abundantly  in  the  palm-tree,  (Ifert’s  Voyage  to  Guinea,) 
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and  fcems  to  be  a fimllar  fluid  in  all  jdams,  as  chyle  is 
fimilar  in  all  animals. 

Hence  as  the  digefled  food  of  vegetables  conflfts  princi- 
pally of  fugar  and  from  that  is  produced  again  their  mu- 
cilage, flarch,  and  oil,  and  lince  animals  are  fuflained  by 
thefe  vegetable  produ6lions,  it  would  feem  that  the  fugar* 
making  procefs  carried  on  in  vegetable  vcffels  was  the  great 
. fourceof  life  to  all  organized  beings.  And  that  if  our  im- 
proved chemiflry  (lioud  ever  difeover  the  art  of  making  fugar 
from  foflile  or  aerial  matter  without  the  aflillance  of  vegc- 
tation,  food  for  animals  would  then  become  as  plentiful  as 
water,  and  mankind  might  live  upon  the  earth  as  thick  as 
blades  of  <rrafs,  with  no  reftraint  to  their  numbers  but  the 
want  of  local  room. 

It  would  feem  that  roots  fi.xed  in  the  earth,  and  leaves 
innumerable  waving  in  the  air,  were  neceflfary  for  the  de- 
compolitlon  of  water,  and  the  converfion  of  it  into  faccha- 
rine  matter,  which  would  have  been  not  only  cumberous 
but  totally  incompatible  with  the  locomotion  of  animal 
bodies.  For  how  could  a man  or  quadruped  have  carried 
on  his  head  or  back  a foreft:  of  leaves,  or  have  had  long 
branching  ladeal  or  abforbent  veflels  terminating  in  the 
earth?  Animals  therefore  fubflfl:  on  vegetables;  that  is, 
they  take  the  matter  fo  far  prepared,  and  have  organs  to 
prepare  it  further  for  the  purpofes  of  higher  animation,  and 
greater  fenlibility.  In  the  fame  manner  the  apparatus  of 
green  leaves  and  long  roots  were  found  inconvenient  for  the 
more  animated  and  fenfitive  parts  of  vegetable- flowers,  I 
mean  the  anthers  and  fligmas,  which  are  therefore  feparate 
beings,  endued  with  the  paflTion  and  power  of  reprodudlion, 
with  lungs  of  their  own,  and  fed  with  honey,  a food  ready 
prepared  by  the  long  roots  and  green  leaves  of  the  plant, 
and  prefented  to  their  abforbent  mouths. 
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From  this  outline  a philofopher  may  catch  a glimpfe  of 
the  general  economy  of  nature;  and  like  the  mariner  caft 
upon  an  unknown  fhore,  who  rejoiced  when  he  faw  the 
print  of  a human  foot  upon  the  fand,  he  may  cry  out  with 
rapture,  ‘^AGqd  dwe^-ls  here.’^ 
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VISIT  OF  HOPE 

TO 

SYDNEY  COVE, 

NEAR 

BOTANY  BAY. 

I 

REFERRED  TO  IN  CANTO  II.  1.  317. 


Where  Sydney  Cove  her  lucid  bofom  fwells. 

And  with  wide  arms  the  indignant  ftorm  repels; 

High  on  a rock  amid  the  troubled  air 

Hope  flood  fublime,  and  wav’d  her  golden  hair; 

Calm’d  with  her  rofy  fmile  the  tolling  deep. 

And  with  fweet  accents  charm’d  the  winds  to  fleep; 

To  each  wild  plain  Ihe  ftretch’d  her  fnowy  hand. 
High-waving  wood,  and  fea-encircled  ftrand. 

Hear  me,”  (he  cried,  ^‘ye  riflng  realms ! record 
Time’s  opening  fcenes,  and  Truth’s  prophetic  word.— 
There  lhall  broad  flreets  their  flately  walls  extend, 

“ The  circus  widen,  and  the  crefcent  bend ; 

There,  ray’d  from  cities  o’er  the  cultur’d  land. 

Shall  bright  canals,  and  folid  roads  expand. — 

There  the  proud  arch,  colofliis-like,  beftride 
“ Yon  glittering  flreams,  and  bound  the  chafing  tide; 

Embellilh’d  villas  crown  the  landfcape-fcene, 

“ Farms  wave  with  gold,  and  orchards  blulh  between.— 
There  lhall  tall  fpires,  and  dome-capt  towers  afcend, 
“And  piers  and  quays  their  mafly  flrudures  blend; 
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While  with  each  breeze  approaching  veflels  glide, 

“ And  northern  treafures  dance  on  every  tide  !” — 

Then  ceas’d  the  nymph — tumultuous  echoes  roar, 

And  Joy’s  loud  voice  was  heard  from  fliore  to  fhore — 

Her  graceful  fteps  defeending  prefs’d  the  plain. 

And  Peace,  and  Art,  and  Labour,  join’d  her  train. 

Mr.  Wedgwood,  having  been  favoured  by  Sir  Jofeph 
Banks  with  a fpecimen  of  clay  from  Sydney  Cove,  has 
made  a few  medallions  of  it,  reprefenting  Hope  encou- 
raging  Art  and  Labour,  under  the  influence  of  Peace, 
to  purfue  the  employments  neceflary  for  rendering  an  infant 
colony  fecure  and  happy.  The  above  verfes  were  written 
by  the  author  of  The  Botanic  Garden,  to  accompany  thefe 
medallions. 
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Note  I. — Meteors. 

There  are  four  fl rata  of  the  atmofphere,  and  four  kinds 
of  meteors.  1.  Lightning  is  electric,  exifts  in  viliblc 
clouds,  its  Ihort  courfe  and  red  light.  2.  Shooting  ftars 
cxift  in  vifible  vapour,  without  found,  white  light,  have 
no  luminous  trains.  3.  Twilight;  fire-balls  move  thirty- 
miles  in  a fecond,  and  are  about  fixty  miles  high,  have 
luminous  trains,  occalioned  by  an  ele6tric  fpark  pafling 
between  the  aerial  and  inflammable  ftrata  of  the  atmof- 
phere, and  mixing  them  and  fetting  them  on  fire  in  its 
paflage;  attracted  by  volcanic  eruptions;  one  thoufand 
miles  through  fuch  a medium  refifts  lefs  than  the  tenth  of 
an  inch  of  glafs.  4.  Northern  lights  not  attraftcd  to  a 
point  but  difFufed ; their  colours ; pafTage  of  ele<Slric  fire 
in  vacuo  dubious;  Dr.  Franklin’s  theory  of  northern 
lights  countenanced  in  part  by  the  fuppofition  of  a fuperior 
atmofphere  of  inflammable  air;  antiquity  of  their  appearance ; 
defcribed  in  Maccabees. 
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Note  II. — Primary  Colours. 

The  rainbow  was  in  part  underftood  before  Sir  Ifaac 
Newton;  the  feven  colours  were  difcovered  by  him  ; Mr. 
Gallon’s  experiments  on  colours ; manganefe  and  lead  pro- 
duce colourlefs  glafs. 

Note  III. — Coloured  Clouds. 

The  rays  refrafted  by  the  convexity  of  the  atmofphere; 
the  particles  of  air  and  of  water  are  blue ; lhadow  by  means 
of  a candle  in  the  day;  halo  round  the  moon  in  a fog; 
bright  fpot  in  the  cornea  of  the  eye;  light  from  cat’s  eyes 
in  the  dark,  from  a horfe’s  eyes  in  a cavern,  coloured  by  the 
choroid  coat  within  the  eye. 

Note  IV. — Comets. 

Tails  of  comets  from  rarefied  vapour,  like  northern 
lights,  from  ele6tricity;  twenty  millions  of  miles  long;  ex- 
ped^ed  comet;  72  comets  already  deferibed. 

Note  V. — Sun’s  Rays. 

Dispute  about  phlogifton  ; the  fun  the  fountain  from 
whence  all  phlogifton  is  derived  ; its  rays  not  luminous  till 
they  arrive  at  our  atmofphere ; light  owing  to  their  com- 
buftion  with  air,  whence  an  unknown  acid;  the  fun  is  on 
fire  only  on  its  furface;  the  dark  fpots  on  it  are  excavations 
through  its  luminous  cruft. 

Note  VI.— Central  Fires. 

Sun’s  heat  much  lefs  than  that  from  the  fire  at  the 
earth’s  centre;  fun’s  heat  penetrates  but  a few  feet  in 
fummer ; fome  mines  are  warm ; warm  fprings  owing  to 
fubterraneous  fire;  fituations  of  volcanoes  on  high  moun- 
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tains  ^ original  nucleus  of  the  earth  j deep  vallles  of  the 
ocean;  diftant  perception  of  earthquakes;  great  attrac- 
tion of  mountains ; variation  of  the  compafs ; counte- 
nance the  exiilence  of  a cavity  or  fluid  lava  within  the 
earth. 


Note  VII. — ^Elementary  Heat. 

Combined  and  fenfible  heat;  chemical  combinations 
attrad  heat,  folutions  rejeft  heat ; ice  cools  boiling  water 
fix  times  as  much  as  cold  water  cools  it;  cold  produced 
by  evaporation ; heat  by  devaporation ; capacities  of  bodies 
in  refped  to  heat,  1.  Exigence  of  the  matter  of  heat  Ihewn 
from  the  mechanical  condenfation  and  rarefadion  of  air, 
from  the  fteam  produced  in  exhaufting  a receiver,  fnow  front 
rarefied  air,  cold  from  difcharging  an  air-gun,  heat  from  ■ 
vibration  or  friction ; 2.  Matter  of  heat  analogous  to  the 
electric  fluid  in  many  circumfiances,  explains  many  chemical 
phenomena. 

Note  VIII.— Memnon*s  Lyre. 

Mechanical  impulfe  of  light  dubious;  a glafs  tube 
laid  horizontally  before  a fire  revolves;  pulfe-glafs  fuf- 
pended  on  a centre ; black  leather  contracts  in  the  funfhinej 
Menmons’s  ftatue  broken  by  Cambyfes. 

Note  IX. — Luminous  Insects. 

Eighteen  fpecies  of  glow-worm,  their  light  owing  to 
their  refpi ration  in  tranfparent  lungs;  Acudia  of  Surinam 
gives  light  enough  to  read  and  draw  by,  ufe  of  its  light 
totheinfedl;  luminous  fea-infe6ts  adhere  to  the  fkin  of 
thofe  who  bathe  in  the  ports  of  Languedoc,  the  light  may 
arife  from  putrefcent  flime. 
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Note  X. — Phosphorus. 

4 

Discovered  by  Kunkcl,  Brandt,  and  Boyle;  produced 
ia  refpiration,  and  by  luminous  infe£ls,  decayed  wood,  and 
calcined  (hells;  bleaching  a flow  coinbnflion  in  which  the 
water  is  decompofed ; rancidity  of  animal  fat  owing  to  the 
decompofition  of  water  on  its  furface ; aerated  marine  acid 
does  not  whiten  or  bleach  the  hand. 

' ? Note  XI. — Steam-Engine. 

t 

Hero  of  Alexandria  firfl:  applied  fleam  to  machinery, 
next  a French  writer  in  1630,  the  Marquis  of  Worcefler 
in  1655,  Capt.  Savery  in  1689,  Newcomen  and  Cawley- 
added  the  piflon;  the  improvements  of  Watt  and  Boulton  ; 
power  of  one  of  their  large  engines  equal  to  two  hundred 
horfes. 

Note  XII. — Frost. 

Expansion  of  water  in  freezing;  injury  done  by 
vernal  frofls  ; fifh,  eggs,  feeds,  reflfl  congelation  ; animals 
do  not  reflfl  the  increafe  of  heat;  frofls  do  not  meliorate 
the  ground,  nor  are  in  general  falubrious ; damp  air  produces 
cold  on  the  (kin  by  evaporation ; fnow  lefs  pernicious  to 
agriculture  than  heavy  rains  for  two  reafons. 

Note  XIII.— Electricitt. 

1.  Points  preferable  to  knobs  for  defence  of  buildings; 
why  points  emit  the  eledlric  fluid ; difluflon  of  oil  on  wa- 
ter ; mountains  are  points  on  the  earth’s  globe ; do  they 
produce  afeending  currents  of  air?  2.  Fa(ry-n;7g5  explained  ; 
advantage  of  paring  and  burning  ground. 
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Note  XIV. — Buds  and  Bulbs. 

A Thee  Is  a fwarai  of  iiicliviciual  plants;  vegetables 

aje  either  oviparous  or  viviparous;  are  all  annual  pro- 
tlutTions  like  many  kinds  of  infedls;  hybernacular;  anew 
bark  annually  produced  over  the  old  one  in  trees  and  in 
fome  herbaceous  plants,  whence  their  roots  feem  endbitten- 
all  bulbous  roots  perilh  annually  j experiment  on  a tulip- 
root  ; both  the  leaf-bulbs  and  the  flower-bulbs  are  annually 
renewed.  , 

Note  XV.— Solar  Volcanoes. 

The  fpots  in  the  fun  are  cavities,  fome  of  them  four 
thouland  miles  deep  and  many  times  as  broad  ; internal 
parts  of  the  fun  are  not  in  a Bate  of  com  bullion ; volca- 
noes vifible  in  the  fun  ; all  the  planets  together  are  lefs  than 
one  fix  hundred  and  fiftieth  pr'.rt  of  the  fun ; planets  %verc 
Cje<5Ied  from  the  fun  by  volcanoes  ; many  reafons  fhewing 
the  probability  of  this  hypothefis ; Mr.  Buflbn’s  hypothefis 
that  planets  were  ftruck  off  from  the  fun  by  comets ; why 
no  new  planets  are  ejedlcd  from  the  fun;  fome  comets  and 
the  georgium  fidus  may  be  of  later  date ; fun’s  matter  de- 
creafed  ; Mr.  Ludlain’s  opinion,  that  it  is  poffible  the  moon 
might  be  projeded  from  the  earth. 

Note  XVI. — Calcareous  Earth. 

Hi  GH  mountains  and  deep  mines  replete  with  fliells;, 
the  earth  s nucleus  covered  with  lime-ftone;  animals  con- 
vert water  into  liine-fione;  all  the  calcareous  earth  in  the 
world  formed  in  animal  and  vegetable  bodies  ; folid  parts 
of  the  earth  incrcafc ; the  water  dccreafcs ; tops  of  calca- 
reous mountains  diffolvcd ; whence  fpar,  marbles,  chalk, 
ffaladlites ; whence  alabaficr,  fluor,  flint,  granulated  lime- 
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ftone,  from  folution  of  their  angles,  and  by  attrition } 
tupha  depofited  on  mofs ; lime-ftones  from  (hells  with  ani- 
mals in  them;  liver-ftone  from  frefh-water  mufcles ; cal- 
careous earth  from  land-animals  and  vegetables,  as  marl ; 
beds  of  marble  foftened  by  fire;  whence  Bath-ftone  con- 
tains lime  as  well  as  lime-ftone. 

Note  XVII.— Morasses. 

The  production  of  morafles  from  fallen  woods;  account' 
by  the  Earl  Cromartie  of  a new  morafs  ; moraffes  lofe  their 
falts  by  folution  in  water  ; then  their  iron  ; their  vegetable 
acid  is  converted  into  marine,  nitrous  and  vitriolic  acids; 
whence  gypfura,  alum,  fulphur;  into  fluor-acid,  whence 
fiuor;  into  filiceous  acid,  whence  flint,  the  fand  of  the  fea, 
and  other  ftrata  of  filiceous  fand  and  marl;  fome  morafles 
ferment  like  new  hay,  and,  fubliming  their  phlogiftic  part, 
form  coal-beds  above  and  clay  below,  which  are  alfo  pro- 
duced by  clutriation;  fhell-fifh  in  fome  moraffes,  hence 
fhells  fometimes  found  on  coals  and  over  iron-flone. 

Note  XVIII. — Iron. 

Calciform  ores;  combuftion  of  iron  in  vital  air;  fteel 
from  deprivation  of  vital  air;  welding;  hardnefs;  brittlenefs 
like  Rupert’s  drops;  fpecific  levity;  hardnefs  and  brittlenefs 
compared;  fteel  tempered  by  its  colours;  modern  produdlion 
of  iron,  martganefe,  calamy;  feptaria  ofiron-ftone  ejeCled 
from  volcanoes;  red-hot  cannon-balls. 

Note  XIX. — Flint. 

1.  Siliceous  rocks  from  moraffes  ; their  cements.  2.  SU 
llcoous  trees ; coloured  by  iron  or  manganefe ; Peak-dia- 
monds; Brifiol-ftones;  flint  in  form  of  calcareous  fpar; 
has  been  fluid  without  much  heat;  obtained  from  pow- 
dered quartz  and  fluor  acid  by  Bergman  and  by  Achard. 
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3.  Agates  and  onyxes  found  in  fand-rocks;  of  vegetable 
origin  j have  been  in  complete  fufion ; their  concentric 
coloured  circles  not  from  fuperindu6tion  but  from  conge- 
lation; experiment  of  freezing  a folution  of  the  blue  vitriol; 
iron  and  manganefe  repelled  in  fpheres  as  the  nodule  of 
flint  cooled;  circular  flains  of  marl  in  falt-mines;  fome  flint 
nodules  refemble  knots  of  wood  or  roots.  4.  Sand  of  the 
fea\  its  acid  from  morafles;  its  bafe  from  fhells.  5.  Chert 
or  petroflex  ftratified  in  cooling;  their  colour  and  their 
acid  from  fea-animals;  labradore-ftone  from  mother-pearl. 
6.  Flints  in  chalk  Leds;  their  form,  colour,  and  acid,  from 
the  flefh  of  fea-animals ; fome  are  hollow  and  lined  with 
pryflals;  contain  iron;  not  produced  by  injeftion  from 
without;  coralloids  converted  to  flint;  French  millflones; 
flints  fometimes  found  in  folid  ftrata.  7.  Angles  of  /and  de- 
flroyed  by  attrition  and  folution  in  fleam ; filiceous  breccia 
cemented  by  folution  in  red-hot  water.  8,  Bafaltes  and 
granites  are  antient  lavas ; bafaltes  railed  by  its  congelation 
not  by  fubterrancous  fire. 

Note  XX. — Clay. 

Fire  and  water  two  great  agents;  flratification  from 
precipitation;  many  flratified  materials  not  foiubic  in  water. 
1.  Stratification  of  lava  from  fuccelTivc  accumulation,  ii. 
Stratifications  of  lime-flone  from  the  different  periods  of 
time  in  which  the  fliells  were  depofited.  3.  Stratifications 
of  coal  and  clay',  and  fand-ftonc,  and  iron-ores,  not  from 
currents  of  water,  but  from  the  produaion  of  morafs-beds 
at  different  periods  of  time;  morafs-beds  become  ignited; 
their  bitumen  and  fulphur  is  fublimed ; the  clay,  lime,  and 
iron  remain;  whence  fand,  marl,  coal,  white  clay  in  valleyp, 
and  gravel-beds,  and  fome  ochres,  and  fome  calcareous  de- 
pofitions  owing  to  alluviation  ; clay  from  decompofed  granite; 
from  the  lava  of  Vefuvius ; from  vitreous  lavas. 
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Note  XXL— Enamels. 

Rose-colour  and  purple  from  gold;  precipitates  of 
gold  by  alkaline  fait  preferable  to  thofe  by  tin;  aurum  ful- 
minans  long  ground ; tender  colours  from  gold  or  iron  not 
diflblved  but  fufpended  in  theglafs;  cobalts;  calces  of  cobalt 
and  copper  require  a ftrong  fire;  Ka-o-lin  and  Pe-tun-tfc 
the  fame  as  our  own  materials. 

Note  XXII.— Portland  Vase. 

Its  figures  do  not  allude  to  private  hiftory;  they  reprefent 
a part  of  the  Eleufinian  mytleries ; marriage  of  Cupid  and 
Pfyche;  proceffion  of  torches;  the  figures  in  one  compart- 
ment reprefent  Mortal  Life  in  the  aft  of  expirifig,  and 
Humankind  attending  to  her  with  concern;  Adam  and 
Eve  hieroglyphic  figures  ; Abel  and  Cain  other  hieroglyphic 
figures;  on  theother  compailment  is  reprefented  Im  mortal 
Eife,  the  Manes  or  Ghoft  defcending  into  Elyfium  is  led  on 
by  Divine  Love,  and  received  by  Im  mortal  Life,  and 
condufted  to  Pluto ; Trees  of  Life  and  Knowledge  are  em- 
blematical; the  figure  at  the  bottom  is  of  Atis,  the  firft 
great  Hierophant  or  teacher  of  myfteries. 

Note  XXIII. — Coal. 

l.  A Fountain  of  foffile  tar  in  Shropfliire;  has  beeh 
diftilled  from  the  coal-beds  beneath,  and  condenfcd  in  thfe 
cavities  of  a fand-rock ; the  coal  beneath  is  deprived  of  it’s 
bitumen  in  part;  bitumen  fublimed  at  Matlock  into  cavities 
lined  with  fpar.  C.  Coal  has  been  expofed  to  heat ; woody 
fibres  and  vegetable  feeds  in  coal  at  Bovey  and  Polcfworth  i 
upper  part  of  coal-beds  more  bituminous  at  Beaudefert;  thin 
jlratum  of  afphallum  near  Caulk;  upper  part  of  coal-bcd 
worfe  at  AlfrOton;  upper  ftratum  of  no  value  at  Wkldring- 
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ton;  alum  at  Wcft-Hallum;  at  Bilfton.  3.  Coal  at  CoaL 
brooke-Dale  has  been  immcrfed  in  the  fea,  fliewn  by  fea- 
Ihells ; marks  of  violence  in  the  colliery  at  Mendip  and  at 
Ticknal;  Lead  ore  and  fpar  in  coal-beds;  gravel  over  coal 
near  Lichfield  ; Coal  produced  from  morafles  (hewn  by 
fern-leaves,  and  bog-fliells,  and  mufcle-Ihells;  by  fome 
parts  of  coal  being  dill  woody;  from  Loch  Neah  and  Bovey, 
and  the  Temple  of  the  devil ; fixed  alkali;  oil. 

Note  XXIV. — Granite. 

Granite  the  lowed  firatum  of  the  earth  yet  known; 
porphyry,  trap,  moor-done,  whin -done,  date,  bafaltes,  all 
volcanic  produdlions  didblved  in  red-hot  water ; volcanoes 
in  granite  drata;  differ  from  the  heat  of  moraffes  from  fer- 
mentation ; the  nucleus  of  the  earth  ejefted  from  the  fun; 
was  the  fun  originally  a planet  ? fuppofed  fection  of  the 
globe. 

Note  XXV. — Evaporation. 

1.  Solution  of  water  in  air;  in  the  matter  of  heat; 
pulfe-glafs.  2.  Heat  is  the  principal  caufe  of  evaporation  ; 
thermometer  cooled  by  evaporation  of  ether;  heat  given 
from  deam  to  the  worm-tub;  warmth  accompanying  rain. 
3.  Steam  condenfed  on  the  eduftlon  of  heat;  moidure  on 
cold  walls;  fouth-wed  and  north-ead  winds.  4.  Solution 
of  fait  and  of  blue  vitriol  in  the  matter  of  heat.  II.  Other 
vapours  may  precipitate  deam  and  form  rain.  l.Cold  the 
principal  caufe  of  devaporation;  hence  the  deam  didblved  in 
heat  is  precipitated,  but  that  didblved  in  air  remains  even  in 
frods  ; Ibuth-wed  wind,  2.  North-ead  winds  mixing  with 
fouth-wed  winds  produce  rain;  becaufe  the  cold  particles  of 
air  from  the  north-ead  acquire  fome  of  the  matter  of  heat 
from  the  fouth-wed  winds.  3.  Devaporation  from  mecha- 
nical expanfion  of  air,  as  in  \lie  receiver  of  an  air-pump ; 
dimmer  clouds  appear  and  vahidi  ; when  the  barometer 
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finks  without  chancre  of  wind  the  weather  becomes 

O 

colder.  4.  Solution  of  water  in  ele£lric  fluid  dubious.  5. 
Barometer  finks  from  the  leflened  gravity  of  the  air,  and 
from  the  rain  having  lefs  preflure  as  it  falls ; a mixture  ot  a 
folution  of  water  in  calorique  with  an  aerial  folution  of 
xvater  is  lighter  than  dry  air;  breath  of  animals  in  cold 
weather  why  condenfed  into  vifible  vapour  and  diflblvcd 
ae;ain. 

O 


Note  XXVI. — Springs. 

Lowest  flrata  of  the  earth  appear  on  the  highefl  hills; 
fprings  from  dews  Hiding  between  them  ; mountains  are 
colder  than  plains  ; 1.  From  their  being  infulated  in  the  air; 
2,  From  their  enlarged  furface;  3.  From  the  rarity  of  the  air 
it  becomes  a better  conduflor  of  heat;  4.  By  the  air  on 
mountains  being  mechanically  rarefied  as  it  afeends ; 5. 
Gravitation  of  the  matter  of  heat ; 6.  The  dafliing  of  clouds 
againft  hills;  of  fogs  againlf  trees;  fprings  flronger  in  hot 
days  with  cold  nights;  flreams. from  fubterranean  caverns; 
from  beneath  the  fnow  on  the  Alps. 

Note  XXVII. — Shell-Fish. 

The  armour  of  the  Echinus  moveable;  holds  itfclf  in 
ftorms  to  flones  by  1200  or  2000  firings;  Nautilus  rows 
and  fails-;  renders  its  fliell  buoyant : Pinna  and  Cancer: 
Byflus  of  the  antients  was  the  beard  of  the  Pinna;  as  fine  as 
the  filk  is  fpun  by  the  filk-worm ; gloves  made  of  it ; the 
beard  of  mufcles  produces  fleknefs  ; Indian  weed;  tendons 
of  rats  tails. 

Note  XXVIII.— Sturgeon. 

Sturgeon’s  mouth  like  a purfe;  without  teeth;  ten-^ 
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cirils  like  worms  hang  before  his  Ups,  which  entice  fmall 
fifli  and  feainfedls  miftaking  them  for  worms;  his  fkin  ufed 
for  covering  carriages;  ifinglafs  made  from  it;  caviare  from 
the  fpawn. 


Note  XXIX. — Oil  on  Water. 

Oil  and  water  do  not  touch;  a fecond  drop  of  oil  will 
not  diffufe  itfelF  on  the  preceding  one ; hence  it  flills  the 
waves;  divers  for  pearl  carry  oil  in  their  mouths;  oil  on 
water  produces  prifmatic  colours;  piled  cork  circulates  on 
water;  a phial  of  oil  and  water  made  to  ofcillate. 

Note  XXX. — Ship-Worm. 

The  Teredo  has  calcareous  jaw's;  a new  enemy;  they 
perifli  when  they  meet  together  in  their  ligneous  canals ; 
United  Provinces  alarmed  for  the  piles  of  the  banks  of 
Zealand ; were  deftroyed  by  a fevere  winter. 

Note  XXXI. — Maelstrom. 

A Whirlpool  on  the  coaft  of  Norway ; paifes  through 
a fubterraneous  cavity ; lefs  violent  when  the  tide  is  up  ; 
eddies  become  hollow  in  the  middle;  heavy  bodies  are 
thrown  out  by  eddies;  light  ones  retained ; oil  and  water 
whirled  in  a phial;  hurricanes  explained. 

Note  XXXII.— Glaciers. 

Snow  in  contaft  with  the  earth  is  in  a flate  of  thaw; 
ice-houfes;  rivers  from  beneath  the  fnow';  rime  in  fpring 
vanifhes  by  its  contadl  with  the  earth  ; and  fnow  by  its 
evaporation  and  contact  with  the  earth : mofs  vegetates 
beneath  the  fnow;  and  Alpine  plants  perifh  at  Upfal  for 
want  of  fnow. 
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Note  XXXIH.— Winds. 

Air  is  perpetually  fubje£l  to  increafe  and  to  diminution  ; 
Oxygene  is  perpetually  produced  from  vegetables  in  the  fun- 
(hine,  and  from  clouds  in  the  light,  and  from  water  ; Azote 
is  perpetually  produced  from  animal  and  vegetable  putrefac- 
tion, or  combuftion  ; from  fpringsof  water ; volatile  alkali ; 
fixed  alkali ; fea-vvater;  they  are  both  perpetually  dlininifhed 
by  their  contact  with  the  foil,  producing  nitre  ; Oxygene  is 
diminifhed  in  the  produ6lion  of  all  acids;  Azote  by  the 
growth  of  animal  bocHes ; charcoal  in  burning  confumes 
double  its  weight  of  pure  air ; every  barrel  of  red- lead  ab- 
forbs  2000  cubic  feet  of  vital  air  ; air  obtained  from  variety 
of  fubflances  by  Dr.  Priellley  ; Officlna  aeris  in  the  polar 
circle,  and  at  the  Line.  Soulh-iveji  ivinds ; their  wetlerly 
direftlon  from  the  lefs  velocity  of  the  earth’s  furface ; the 
contrary  in  refpeft  to  north- eafl  winds  ; South-weft  winds 
confift  of  regions  of  air  from  the  fouth  ; and  north-eaft 
winds  of  regions  of  air  from  the  north  ; when  the  fouth-weft 
prevails  for  weeks  and  the  barometer  finks  to  28,  what  be- 
comes of  above  one  fifteenth  part  of  the  atmofphere  ? 1.  It 
is  not  carried  back  by  fuperior  currents  ; 2.  Not  from  its 
lofs  of  moifture ; 3.  Not  carried  over  the  pole;  4.  Not 
owing  to  atmofpheric  tides  or  mountains  ; 5.  It  is  abforbcJ 
at  the  polar  circle;  hence  fouth-weft  winds  and  rain  ; fouth- 
weft  fometimes  cold.  Norih-^eaji  winds  confift  of  air  from 
the  north  ; cold  by  the  evaporation  of  ice;  arc  dr)’  winds  ; 
1.  Not  fupplied  by  fuperior  currents  ; 2.  The  whole  atmof- 
phere  increafed  in  quantity  by  air  fet  at  liberty  from  its  com- 
binations in  the  polar  circles.  South-ca/l  winds  confift  of 
north  winds  driven  back.  North-wejl  winds  confift  of 
fouth- welk  winds  driven  back  ; north-weft  winds  of  America 
bring  froft ; owing  to  a vertical  fplral  eddy  of  air  between 
the  eaftern  coaft  and  the  Apalachian  mountains  ; hence  the 
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greater  cold  of  North  America.  Trade-winds ‘y  air  over  the 
Line  always  hotter  than  at  the  tropics  j trade-winds  gain 
their  eafterly  diredion  from  the  greater  velocity  of  the  earth’s 
furface  at  the  Line ; not  fupplied  by  fuperior  currents  : fup- 
plicd  by  decompofed  water  in  the  fun’s  great  light;  1.  Be- 
caufe  there  are  no  conhant  rains  in  the  track  of  the  trade- 
winds;  2.  Becaufe  there  is  no  condenfxble  vapour  above 
three  or  four  miles  high  at  the  Line.  Monfoons  and  torna- 
does ; fpme  places  at  the  tropic  become  warmer  when  the 
fun  is  vertical  than  at  the  line,  hence  the  air  afeends,  fup- 
plled  on  one  tide  by  the  north-eaft  winds,  and  on  the  other 
by  the  fouth-weft ; whence  an  afeending  eddy  or  tornado, 
raifmg  water  from  the  fca,  or  fand  from  the  defert,  and  in- 
ceflant  rains;  air  diminifhed  to  the  northward  produces 
fouth-weft  winds;  tornadoes  from  heavier  air  above  finking 
through  lighter  air  below,  which  rifes  through  a perforation  ; 
hence  trees  are  thrown  down  in  a narrow  line  of  twenty  or 
forty  yards  broad,  the  fea  rifes  like  a cone,  with  great  rain 
and  lightning.  Land  and  Jea  hree%es\  fea  lefs  heated  than 
land  ; tropical  iflands  more  heated  in  the  day  than  the  fea, 
and  are  cooled  more  in  the  night.  Conclnjion irregular 
winds  from  other  caufes ; only  two  original  winds  north  and 
foulh  ; different  founds  of  north-eaft  and  fouth-weft  winds; 
a Bear  or  Dragon  in  the  ar£lic  circle  that  fwallows  at  times 
and  difembogues  again  above  one  fifteenth  part  of  the  at- 
mofphere;  wind  inftruments;  recapitulation. 

Note  XXXIV. — Vegetable  Perspiration. 

Pure  air  from  Dr.  Prieftley’s  vegetable  matter,  and  from 
vegetable  leaves,  owing  to  decompo'ition  of  water;  the  hv- 
drogene  retained  by  the  vegetables ; plants  in  the  ihade  are 
tanned  green  by  the  fun’s  light ; animal  fkins  are  tanned 
yellow  by  the  retention  of  hydrogene;  much  pure  air  from 
dew  on  a funny  morning;  bleaching  why  fooner  performed 
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on  cotton  than  linen  ; bees  wax  bleached ; metals  calcined 
by  decompofillon  of  water  ; oil  bleached  in  the  light  be- 
comes yellow  again  in  the  dark;  nitrous  acid  coloured  by 
being  expofed  to  the  fun;  vegetables  perfpire  more  than 
animals,  hence  In  the  funthine  they  purify  air  more  by  their 
perfpiration  than  they  injure  it  by  their  refpiration;  they 
grow  fadefl;  in  their  fleep. 

Note  XXXV. — Vegetable  Placentation^ 

Buds  the  viviparous  offspring  of  vegetables;  placentation 
in  bulbs  and  feeds ; placentation  of  buds  in  the  roots,  hence 
the  rifingof  fap  in  the  fpring,  as  in  vines, birch,  which  ceafes 
as  foon  as  the  leaves  expand ; produ6tion  of  the  leaf  of 
Horfe-chefnut,  and  of  its  new  bud  ; oil  of  vitriol  on  the  bud 
of  Mimofa  killed  the  leaf  alfo;  placentation  fliewnfrom  the 
fweetnefs  of  the  fap  ; no  umbilical  artery  in  vegetables. 

Note  XXXVI. — Vegetable  Circulation. 

Buds  fet  in  the  ground  will  grow  if  prevented  from 
bleeding  to  death  by  a cement ; vegetables  require  no  muf- 
cles  of  locomotion,  no  flomach  or  bowels,  no  general  fyftem 
of  veins;  they  have,  1.  Three  fyftems  of  abforbent  vcffels; 
2.  Two  pulmqnary  fyftcms  ; 3.  Arterial  fyftems;  4.  Glands; 
5.  Organs  of  re-produ6llon  ; 6.  Mufcles.  I.  Abforbent  fyftem 
evinced  by  experiments  by  coloured  abforptlons  in  fig-tree 
and  picris;  called  air  veffels  crroneoully;  fpiral  flru6ture  of 
abforbent  vcffels;  retrograde  motion  of  them  like  the  throats 
of  cows.  II.  Pulmonary  arteries  in  the  leaves,  and  pulmona- 
ry veins  ; no  general  fyhem  of  veins  flicwn  by  experiment; 
experiment  tending  to  confirm  the  cxiftence  of  fuch  afyftcm  : 
no  heart;  the  arteries  a^  like  the  vena  portarum  of  the  liver ; 
pulmonary  fyftem  in  the  petalsof  flowers;  circulation  owing 
to  living  irritability;  vegetable  abforption  more  powerful  than 
animal,  as  in  vines;  not  by  capillary  attraflion. 
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Note  XXXVII. — Vegetable  Respiration. 

I.  Leaves  not  pcrfpiratory  organs,  nor  excretory  ones  ; 
lungs  ot'  animals,  i . Great  furfaces  of  leaves.  2,  Vegetable 
blood  changes  colour  in  theleaves;  experiment  with  Ipurge ; 
with  picris.  3.  Upper  furface  of  the  leaf  only  acls  as  a ref- 
piratory  organ.  4.  Upper  furface  repels  inoifture;  leaves  laid 
on  water.  5.  Leaves  killed  by  oil  like  infecSls;  mufcles  at  the 
foot  ftalks  of  leaves.  6.  Ufc  of  light  to  vegetable  leaves  j ex- 
periments of  PriefHcy,  Ingenhouz,  and  Scheele.  7.  Vege- 
table circulation  fimilar  to  that  of  fifln  II.  Another  pulmo- 
nary fylfem  belongs  to  flowers  ; colours  of  flowers.  1.  Vaf- 
cular  ftruclure  of  the  corol.  2.  Glands  producing  honey, 
wax,  &c.  perilh  with  the  corol.  3.  Many  flowers  have  no 
green  leaves  attending  them,  as  Colchicum.  4.  Corols  not 
for  the  defence  of  the  flamens.  5.  Corol  of  Helleborus  Ni- 
ger changes  to  a calyx.  6.  Green  leaves  not  ncceflary  to  the 
fruit-bud ; green  leaves  of  Colchicum  belong  to  the  new  bulb 
not  to  the  flower.  7.  Flower-bud  after  the  corol  falls  is 
Amply  an  uterus ; mature  flowers  not  injured  by  taking  off 
the  green  leaves.  8.  Inofculation  of  vegetable  veflels. 

Note  XXXVIII. — Vegetable  Impregnation. 

Seeds  in  broom  difeovered  twenty  days  before  the  flower 
opens;  progrefs  of  the  feed  after  impregnation;  feeds  exill 
before  fecundation  ; analogy  between  feeds  and  eggs  ; pro- 
grefs of  the  egg  within  the  hen ; fpawn  of  frogs  and  fiihes  ; 
male  Salamander ; marine  plants  projedf  a liquor  not  a pow- 
der; femmal  fluid  dduted  with  water,  if  a flimulus  only  ? 
Male  and  female  influence  ncceflary  in  animals,  infedts,  and 
vegetables,  both  in  produdion  of  feeds  and  buds  ; docs  the 
embryon  feed  produce  the  furrounding  fruit,  like  infects  in 
gall-nuts  ? 
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Note  XXXIX.— Vegetable  Glandulation. 

Vegetable  glands  cannot  be  injefted  with  coloured 
fluids;  effential  oil ; wax;  honey;  neflary,  its  complicate 
apparatus  ; expofes  the  honey  to  the  air  like  the  lacrymal 
gland ; honey  is  nutritious  ; the  male  and  female  parts  of 
flowers  copulate  and  die  like  moths  and  butterflies,  and  are 
fed  like  them  with  honey  ; anthers  fuppofed  to  become  m- 
fc(5ls ; depredation  of  the  honey  and  wax  injurious  to  plants  ; 
honey  dew ; honey  oxygenated  by  expofure  to  air;  neceflary 
for  the  produ6tion  of  fenfibility;  the  provifion  for  the  em- 
bryon  plant  of  honey,  fugar,  (larch.  See.  fupplies  food  to  nu- 
merous claflfes  of  animals ; various  vegetable  fecretions,  as 
gum  tragacanth,  camphor,  elemi,  anime,  turpentine,  balfam 
of  Mecca,  aloe,  myrrh,  elaftic  refin,  manna,  fugar,  wax, 
tallow,  and  many  other  concrete  juices;  vegetable  dige'^ion; 
chemical  produftion  bf  fugar  would  multiply  mankind; 
economy  of  nature. 
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